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ABSTRACT 


The  method  of  computing  the  royalty  for  the  prototype  oil  shale  lease 
tracts  is  dependent  on  whether  the  oil  shale  is  processed  by  an  in  situ 
method  or  whether  the  oil  shale  is  mined  and  then  retorted  above  ground. 

If  the  oil  shale  is  mined  and  processed  or  sold,  the  basic  royalty 
rate  is  equal  to  twelve  cents  a  ton  for  an  oil  content  of  thirty  gallons 
per  ton.  Royalty  is  adjusted  by  the  oil  content  and  ratio  of  the  combined 
average  value  per  barrel  of  all  crude  oil  and  crude  shale  oil  produced  in 
the  states  of  Colorado,  Utah,  and  Wyoming  for  the  preceeding  year  and  base 
year.  The  base  price  is  the  average  crude  oil  price  of  the  three  state 
area  in  1974  when  the  leases  were  signed. 

If  the  oil  shale  is  processed  by  in  situ  methods,  the  basic  royalty 
rate  is  equal  to  twelve  cents  per  equivalent  ton.  Equivalent  tons  are 
based  on  the  total  gross  heat  of  combustion  in  BTU's  of  all  oil  and  gas 
products  at  the  wellhead  or  shaft  openings.  The  royalty  is  only  adjusted 
by  tlie  variance  of  crude  oil  prices,  but  not  shale  oil  grade  because  the 
equivalent  tons  are  calculated  on  ,a  shale  oil  content  of  thirty  gallons 
per  ton. 

The  lease  requires  an  ddditional  royalty  for  all  minerals  other  than 
oil  shaLe  contained  in  oil  shale  produced  from  the  Leased  deposit.  This 
royalty  is  to  be  computed  on  a  percentage  of  the  gross  value  of  the  other 
minerals  at  the  point  of  shipment  to  market. 

To  expedite  the  development  of  the  lease  tracts,  there  is  a  mlnimun 
royalty  required  of  the  lessees.  This  royalty  can  be  offset  with  expendi- 
tures which  are  directly  attributable  to  operations  for  the  development  of 
the  lease  deposits  through  the  tenth  lease  year. 


INTRODUCTION 

Of  all  the  hydrocarbon  resources  in  the  world,  the  most  abundant 
single  resource  in  one  area  is  the  oil  shale  deposit  contained  in  the 
Green  River  Formation  in  the  three-state  area  of  Colorado,  Utah,  and 
Wyoming.  It  is  estimated  to  contain  more  than  2.4  trillion  barrels  of  oil 
equivalent  of  which  1.8  trillion  barrels  are  classed  as  identified  resources.— 
l^en  the  organic  matter  (called  kerogen)  in  oil  shale  is  heated  to  800  to 
900°  F,  the  kerogen  will  decompose  into  shale  oil,  carbonaceous  residue, 
and  gas. 

In  1974,  the  U.  S.  Department  of  Interior  leased  four  5,000-acre 
tracts  for  commercial  oil  shale  development  under  the  Prototype  Oil  Shale 
Program.  The  program  was  designed  to  provide  a  new  energy  source,  to 
protect  the  environment  of  the  prototype  areas,  to  permit  a  fair  return  to 
all,  and  to  develop  expertise  in  oil  shale  management  and  technology. 

Federal  oil  shale  lease  tracts  C-a  (Rio  Blanco  Oil  Shale  Company)  and 
C-b  (Cathedral  Bluffs  Shale  Oil  Company)  are  in  the  Piceance  Basin  of 
northwestern  Colorado;  tracts  U-a  and  U-b  (White  River  Shale  Project)  are 
in  the  adjoining  Uinta  Basin  of  eastern  Utah  (Fig.  1).  Present  plans  call 
for  development  of  the  Colorado  tract  C-b  by  the  modified  in  situ  retorting 
processes,  Colorado  tract  C-a  by  combined  modified  in  situ  and  aboveground 


—    United  States  Mineral  Resources,  1973,  Geological  Survey  Professional 
Paper  320,  p.  500. 
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Figure    1. — LocatLon   of    prototype   oil-shaie    lease    tracts   C-a,    C-b ,    U-a   and   U-b 


retorting,  and  for  development  of  the  two  Utah  tracts  by  room-and-pillar 
mining  with  above-ground  retorting. 

The  modified  in-situ  (  MIS)  process  involves  a  combination  of  mining 
and  in  situ  methods  to  produce  shale  oil.  In  order  to  produce  the  perme- 
ability needed  for  flow-through  of  the  injected  gases  and  removal  of 
products,  part  of  the  oil  shale  in  the  MIS  retort  is  mined  to  provide 
adequate  void  space  so  the  remainder  can  be  converted  to  rubble  in  place. 
The  rate  of  retorting  is  controlled  by  regulating  the  volume  and  oxygen 
content  of  the  injected  air  and  dilutants  (steam  or  recycled  gases). 

To  initiate  combustion,  burners  are  placed  on  top  of  the  rubble.  Air 
is  either  pulled  through  from  the  top  by  exhaust  blowers  or  pushed  by  the 
use  of  inlet  blowers  or  air  compressors.  l-Zhen  reaction  temperature  (900°?) 
is  reached,  the  burners  are  turned  off,  Cteam  or  other  gases  are  then 
Introduced  along  with  air  to  maintain  burning  at  a  desired  temperature  and 
to  control  the  rate  of  flame-front  advance  (Fig.  2). 

Product  oil  and  water  are  condensed  on  the  cooler,  unretorted  shale 
at  the  bottom  of  the  retort  chamber  and  are  pumped  to  the  surface.  Off- 
gases  are  exhausted  through  blowers  to  a  scrubber  system  above  ground 
where  the  gas  is  contacted  with  a  scrubbing  stream  to  remove  entrained 
dust  and  oil  particles.  The  scrubbed  gas  is  further  treated  by  removing 
the  oil  and  water  by  compression  and  by  reduction  of  the  sulfur  compounds. 
Purified  gas  is  then  used  for  steam  production  or  possibly  gas  turbine- 
powered  electric  generators. 
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The  mining  method  used  at  a  specific  site  for  developing  oil  shale  is 
determined  by  the  overburden  depth,  oil-shale  characteristics,  economics 
and  environmental  effects*  The  general  method  used  is  classified  as 
either  a  surface  mine  or  an  underground  mine. 

Surface  raining,  which  is  commonly  called  open-pit  mining,  of  oil 

shale  is  comparable  to  open-pit  mining  of  iron  and  copper  as  practiced 

2/ 
throughout  the  world.— 


Underground  raining  is  used  when  overburden  depths  exceed  the  limits 

of  surface  mining.    Room-and-pillar  raining  is  the  only  proven  mining 

3/ 
method  based  on  actual  previous  experience  in  oil  shale  mines.— 


The  modified  in-situ  mining  involves  removal  of  20  to  40  percent  of 
the  oil  shale  deposit  to  achieve  the  proper  void  space.  The  remaining 
rock  is  rubblized  and  retorting  underground  is  begun. 


2/ 

—    Gulf  Oil  Corporation  and  Standard  Oil  Company,  Rio  Blanco  Oil  Shale 

Project — Detailed  development  plan  for  tract  C-a,  VoL.  1,  Project 

background  and  executive  summary:   33  p.  (March  1976). 
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Ashland  Oil,  Inc.  and  Shell  Oil  Co.,  1976,  Oil  Shale  Tract  C-b  - 
Detailed  development  plan  and  related  materials:  2v.  (Chapters  in 
each  volume  separately  paginated.)   (Feb.  1976) 


There  are  basically  two  types  of  above  ground  retorts: 

(1)  a  direct-heated  retort  where  air  is  injected  into  a  moving  bed  of 
crushed  shale  to  support  combustion  and  supply  process  heat,  and 

(2)  an  indirect-heated  retort  which  gets  heat  from  an  external  source 
of  hot  gases  or  hot  solids. 

Computation  of  the  royalty  that  is  to  be  collected  from  resource 
recovery  of  the  prototype  oil  shale  leases  is  dependent  on  whether  the  oil 
shale  is  processed  by  an  in-situ  method  or  whether  oil  shale  is  rained  and 
then  retorted  above  ground. 


PURPOSE  AND  OBJECTIVES 

The  purpose  and  objectives  of  this  paper  are  to  provide  guidelines 
and  procedures  for  submittal,  evaluation  and  approval  of  royalty  due  the 
Geological  Survey  of  the  U.  S.  Department  of  the  Interior.  The  lessee 
must  determine  the  royalty  and  pay  the  amount  due  on  a  monthly  basis. 
Verification  of  the  data  will  be  done  by  periodic  audits,  inspections,  and 
operational  data  calculations  as  per  program  goals  and  lease—   terms. 

Figure  3  depicts  a  simplified  flow  of  how  the  royalty  will  be  determined 
for  the  oil  shale  tracts.   See  the  lease  requirements  section  for  more 
detail. 


4/ 

—    U.  S.  Bureau  of  Land  Management,  1973.   Modification  of  an  oil  shale 

withdrawal  in  Colorado,  Utah,  Wyoming.   Federal  Register  38:230, 

pp.  33136-33199  (November  30,  1973). 
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Figure  3.  —  Simplified  diagram  of  royalty  determinations. 
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LEASE  REQUIREMENTS- 


As  stated  in  Section  7  of  the  Lease,  and  simplified  in  flowchart 
form—  ,  the  method  of  computing  the  royalty  depends  on  whether  the  oil 
shale  is  extracted  by  mining  methods  or  processed  by  in-situ  methods. 


Sec.  7. 


Royattiej.  (a)  The  Le»se«  shRJl  pay 
to  the  Lessor  a  royalty  on  all  Ofl  Shale  ex- 
tra^ttd  by  the  Lessee  from  the  Leased  Lands 
which  Ifl  either  proceascd  or  sold  by  the 
Lessee.  The  royivlty  on  OU  Shale  shall  ba 
"computed  Beparately  for  shale  oil  and  for 
other  mJneraJs  aa  follows; 

(1)  The  royalty  on- shale  oU  shall  be  com- 
puted on  the  basis  of  the  ahale  oU  content 
of  the  on  Bhaler  the 'method, of  computing 
the  royalty  shall  depend  up>on  whether  the 
OU  Shale  la  extracted  by  mining  methods  or 
proce&sed  by  in  ritu  methods. 


Mining  Methods-Sec.  7(a) (l)i.  The  basic  royalty  rate  is  equal  to  12 
cents  on  every  ton  of  oil  shale  which  the  lessee  processes  or  sells. 
The  basic  rate  will  be  reduced  if  the  shale  oil  content  is  less  than 
30  gallons  per  ton  and  increase  if  the  shale  oil  content  is  greater 
than  30  gallons  per  ton.  In  order  to  account  for  the  increase  or 
decrease  of  the  price  of  oil,  the  basic  royalty  rate  will  go  up  or 
down  at  the  same  percentage  rate  that  the  average  value  per  barrel  of 
ail  crude  oil  and  crude  shale  oil  produced  in  the  states  of  Colorado, 
Utah,  and  Wyoming.  However,  the  royalty  rate  will  never  decrease  to 
less  than  4  cents  per  ton  of  oil  shale  mined.  The  shale  oil  content 
will  be  determined  by  the  Modified  Fischer  Assay  Method  or  some  other 
method  agreed  upon  by  the  lessee  and  the  lessor.  Prior  to  operating 
the  retort,  the  lessee  will  have  to  develop  a  sampling  procedure 
which  is  approved  by  the  lessor. 


5/ 


Ibid. 
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Blair,  Thomas  J.,  Laura  Grace  and  Earl  Elmore,  1975.   OSMIS  lease 
logic  diagram  and  manual  coding  system.   General  Services  Administration, 
Systems  and  Programming  Branch,  Region  8,  Denver,  Colorado.   254  pp. 
(July  15,  1975) 
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Sec.    7(a)(l)(i) 


If  the  Oil  Shalp  Is  ertract«<3  by  mining 
VnelhodB.  the  Les&r^  shrUi  pay  the  Lesaor  a 
basic  rovtUly  Tal«  of  13  cents  on  every  Ton 
of  Oil  Shale  which  the  L^t&ee  either  processes 
^under  this  Lease  either  oa  or  oH  the  Leased 
Lands  or  Bells  prior  to  processing.  TTils  basic 
royalty  mte  shall  be  subject  to  the  fallowing 
adjustments: 

(A)  i:  the  ehale  oU  content  of  the  OU 
Shale  mined  U  less  thaja  30  gallons  5>er  Ton, 
the  basic  royalty  rate  per  Ton  of  OU  Shale 
shall  be  reduced  by  one  cent  for  each  gal- 
lon or  fraction  thereof  that  the  shale  oU 
content. 18  less  than  30  gallona  per  Ton,  but 
In  no  event  shall  the  royalty  rate  be  less  than 
four  cents  per  Ton.  II  the  shale  oil  content 
oLthe  OU  Shale  mined  Is  more  than  30  gal- 
lons per  Ton.  the  basic  royalty  rate  per  Ton 
shall  b«  Increased  by  one  cent  for  each  goJ- 
lon  or  fraction  thereof  that  the  shale  oU 
content  Is  more  than  30  gallons  per  Ton. 

(B)  For  the  calendar  year  In  which  the 
Eflectlve  Dale  occurs  and  for  each  calendar 
ye^r  therefif  tcr,  the  Secretary  shall  determine  j 
the  oomblned  averai^e  value  per  barrel  of  all 
crude  oU  and  crude  shale  oil  produced  In  the 
States  of  Colorado.  Utah,  and  Wyoming.  The 
basic  royalty  rate  applicable  to  the  second 
and  ea^h  succeeding  Lease  Year  shall  be  ad- 
Justed  by  an  Increase  or  decrease  of  the  sajne 
percentage  aa  the  percentage  of  Increase  or 
decrease  In  the  combined  average  value  for  . 
the  calendar  year  during  which  that  Lease 
Year  begins  as  compared  with  the  combined 
average  value  for  the  calendar  year  during 
which  the  previous  Lease  Year  began.  How- 
ever, In  no  event  shall  the  basic  royalty  rate 
for  shale  oU  be  decreased  to  lese  than  4  cents 
on  every  Ton  of  OU  Shale  mined  under  the 

•lease. 

(C)  The  shAle  oU  content  of  the  OU  Shale 
shall  be  determined  either  by  the  Modified 
Fischer  Assay  method  or  by  such  other 
.method  as  the  Lessor  and  the  Lessee  udop-., 
and  the  royalty  shall  be  based  on  the  monthly 
average  of  shale  oU  content  of  all  OU  Shale 
processed  under  this  lease  or  transferred  from 
the  Leased  Lands  for  processing  or  sale  pf^ 
the  Lessee.  Computations  of  quantities,  as- 
says and  royalties  shall  be  rounded  to  the 
nearest  hundredth,  or  within  the  limits  of 
th»  standard  deviation  for  commerclftl  test- 
ing equipment  aa  approved  by  the  Mining 
Buperv^or. 


^ 
_i=. 


BASIC  ROYALTY  PjML  = 
S  .12/TON 


OLTERMIHE  SHALE  OIL 
CONTENT  DY  KFAM  OR 
SUBSTITUTE  METHOD 


i. 


OET£l'.:-UliE  KOIilHLY 
AVERAGE  OF  SHALE  OIL 
CONTENT  FOR  OIL  SHALE 
PROCESSED,  TRANSFERRED 
FOR  PROCESSING  OR 
SOLD  (ROUNDED  TO  NEAREST 
H'JI.'ORcDTH) 


ROYALTY  ADJ'JSTnENT= 
30  GAL/TON  - 
SHALE  OIL  CONTENT 


BASIC  ROYALTY^ 
BASIC  ROYALTY* 
ROYALTY  ADJUSTMENT 


BASIC  ROYALTY= 
BASIC  ROYALTY- 
ROYALTY  ADJUST!',ENT 


-9 


DETEPJllNE   RATIO  BETWEEN 
CAV/BARREL  OF   ALL   CRUDE 
OIL   AN'D  CRUDE   SHALE   OIL 
PRODUCED   IN   CO,    UT  AtlD 
WY   FOR  THp  PRECEEDING 

iU:P.  ^  THt  BhSi  Yftft 


BASIC  R0YALTY= 
BASIC   ROYALTY 
PJ\T10 


THE 
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Sec.    7(a)(l)(ll) 

I 

(A)    ir   the   OU   Shale   is  processed   by 
in  situ  methods,  roywlty^ -shall   be  paid  at  a 
basic  royalty  rate  of   12  cents  per  Ton.  The  ; 
number  of  Tons  processed  shall.  Tor  purposes  1 
of  computing  royalty,  be  determined  by:    (I) 
establishing  through  cAlortmetric  tests  deslg-  I 
Dated   by   the   American   Society   for  Tetrtlng 
and  Materials  as  ••Standard"  or     Tentative."   | 
the  total  gross  brat  of  combustion  In  BTUs 
of  all  oil  and  gas  products  at  the  well  head, 
adjusted   downward   by   the   total   gross  heat  I 
of  combustion  In  BTUs  of  combustible  Quids 
(gases  or  liquids)    Injected   as  heat  carriers, 
but   not  lor   fuel   purposes,   Into  the    forma- 
tion being  processed;    (H)    dividing  the   ad- 
JuKtcd    total    gross,  beat    of    combustion    In 
BTUs    by    152,700    BTUs    (shale    oU^and    gas 
rf<:overed    by   Modified   Fischer    As-say   of    OU 
Shales,  containing   approximately  30  (Tallons 
of  shale  oil  per  Ton.  ha.s  a  heating  value  of 
153. TOO    BTUs    per    gtiUon    of    shale    oil    and 
aivfwoclated   gas),   to  arrive   at  the   equivalent 
number  of  gaUoiu;  of  shale  oil  produced;  and 
(ni)   dividing  the  equivalent  number  of  gal- 
lons of  shale  oU  produced  by  30,  to  arrive  at 
the   number  of  Tons  of   OU  Shale   processed 
by  in  Jtfu  methods. 

(U)  The  biuslc  royalty  rate  appllcnble  to 
shale  oil  -from  Oil  Shale  procesa  by  in  situ 
metho<l8  shall  be  adjusted  In  the  same  man- 
ner as  that  provided  In  paragraph  (s)  ( 1)  (1) 
(U)  of  this  secllon  for  the  adjustment  of  the 
ba«lc  royalty  rate  applicable  to  shall  oU  proc- 
essed from  OU  5hf\I»  extracted  by  mining 
methods. 

(C)  Computations  of  quantities,  a.^^ay• 
and  royalties  rnlfttlnc  to  tonnage  of  OU  Shale 
ahall  t>«  determined  by  the  same  stajidarda 
•8  used  under  Section  7  (a)  ( 1 )  (1)  (C) . 


In  Situ  Methods-Sec,  7(a) (l)ii.   Because  there  is  no  accurate  way  of 

determining  the  amount  of  tons  retorted  in  an  in  situ  retort,  the 

royalty  will  be  determined  from  the  gross  heat  of  combustion  of  all 

oil  and  gas  products  before  they  are 

treated  or  refined.   Any  product  used 

as  a  heat  carrier  to  the  retort,  but 

not  fuel,  may  be  deducted  from  the 

total  gross  heat.   The  gross  heat  in 

BTU's  may  be  changed  to  equivalent 

gallons  by  dividing  by  152,700  and 

then  changed  to  equivalent  tons  by 

dividing  by  30. 


DETCRMIKE  GROSS  HEAT  OF 
COMBUSTION  )N  BTU'S  OF 
ALL  OIL  AfiD  GAS  PRODUCTS 
AT  THE  WELL  MEADS 
(ROUriDED  TO  THE  NEAREST 

hu;;drluth)  (rnh) 


MODIFIED  GROSS  HEAT= 
GROSS  HEAT-THE  GROSS 
HEAT  OF  COMBUSTION  IN 
STU'S  OF  CGMUUSTiuLE 
FLUIDS  INJECTED  AS  HEAT 
CARRIERS  (BUT  NOT  FOR 
FUEL  PURPOSE)  (RflH) 


GALLONS  OF   SHALE   OIL= 
'•10DIFIED  GROSS  HEAT 
/152,700  BTU'S 
(HEATING   VALUE   OF  OIL 
SHALE   C0f;TAINING   30 
GAL/TON    IS   152,700  BTU'S] 
(RNH) 


TONS   MINED=   GALLONS   OF 
SHALE   OIL/30    (RNH) 


BASIC   ROYALTY   RATE" 
S   -IP/TON 


DETERMINE    RATIO  BETWEEN 
CAV/BARREL   OF   ALL   CRUDE 
OIL   AND  CRUDE   SHALE   OIL 
PRODUCED   IN   CO,    UT  AND 
WY   FOR  TWlPPvICEEDING 
YEAR^  THg  fl^SF  Yf/t/^ 


BASK   ROYALTY- 
BfvSlC    ROYALTY 
P.AT  1  0 


THE 
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The  basic  royalty  rate  for  In  situ  methods  is  12  cents  per  equivalent 
ton  retorted-   The  royalty  rate  is  then  adjusted  for  oil  price  changes 
by  multiplying  by  the  index  factor  ratio  as  explained  in  the  mining 
method. 

Mineral  Royalties-Sec.  7(a)(2).  There  shall  be  a  royalty  collected 
on  all  minerals  other  than  shale  oil  which  are  processed  or  sold. 
The  royalty  shall  be  based  on  the  value  of  the  minerals  at  the  point 
of  shipment  to  the  market.  The  rate  is  3  percentum  for  the  first  ten 
lease  years,  4  percentum  for  the  eleventh  year  through  the  fifteenth 
year  and  5  percentum  beginning  with  the  sixteenth  year. 

Data  Collection  and  Payments-Sec.  7(b)  "^(c).  Data  used  for  calculating 
royalty  will  be  placed  in  books  and  preserved  by  the  lessee.  All 
such  data  and  books  will  be  made  available  to  the  Area  Oil  Shale 
Supervisor.  Payments  for  royalties  will  be  made  on  or  before  the 
last  day  of  the  month  following  the  calendar  month  in  which  the  oil 
shale  is  processed  or  sold. 

Extraordinary  Cost  Offsets-Sec.  7(d).  Any  extraordinary  costs  for 
compliance  with  requirements  for  environmental  protection  prescribed 
in  approved  Detailed  Development  Plans,  which  are  in  excess  of  costs 
contemplated  by  the  parties  at  the  time  of  approval,  may  be  used,  at 
the  discretion  of  the  Secretary,  to  offset  production  royalties. 
(See  Lease  environmental  stipulation  11 (L)  (3)  for  extraordinary  costs 
related  to  development  of  revegetatLon  teclinology. ) 
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i£^i__Zl£)(2) 


The  Ltimee  &hnJl  lUwo  pfty  a  royaltv  on 
till  rnli^emlB  o'.hT  Ihan  whflJe  oil  comalned 
In  OU  Shiile  producfcl  from  the  L<.-fvHed  U^- 
posiu  which  Ihe  L««»i«e  processes,  either  on 
or  ofT  "..he  Lcai.ed  L^i.::t^n,  or  .i.;i.'>.  "..Ji  icyalty 
Bhall  be  computed  on  the  basis  of  the  gross 
value  of  thTi  other  minerals  at  the  point  of 
shipment  to  market,  ajid  shall  be  at  a  rate 
of  3  per  centum  for  the  flrs^.  ten  LeAfte  Years, 
4  per  centum  for  ths  eleventh  year  through 
the  fifteenth  Lease  Year,  and  6  per  centum 
bcglnnJng  with  the  sixteenth  Lease  Tear. 

■(b)  The  Leasee  shall  determine  accurately, 
on  the  Leased  Lands,  the  weight  or  quantity 
and  quality  of  aJl  Oil  Shale  produced  from 
the  Leased  I>?pf>slt8  by  each  method  used 
and  shall  enter  the  weight  or  quantity  and 
quality  thereof  accurately  In  books  which 
Bball  be  kept  and  preserved  by  the  Lessee  for 
such  purposes. 

(c)  Payments  for  royalties  due  under  this 
lease  shall  be  payable  monthly  on  or  before 
the  loat  day  of  the  calendar  month  foilow- 
In^  the  calendar  mont^  In  which  tbe  Oil 
Shale  Is  processed  or,  If  It  Is  not  processed.  Is 
sold. 

(d)  If  tbe  Leasee  shall  show  that  compli- 
ance with  the  requirements  for  environ- 
mental protection  prescribed  In  the  detailed 
development  plan  (or  amended,  supple- 
mental, or  partial  plan)  required  under  sec- 
tion 10  of  this  leo&e,  and  as  approved  In  ac- 
cordance -with  the  reRMlatlons  Ln  43  CFR  Part 
23  and  30  CFR  Part  231,  now  or  hereinafter 
In  force,  or  Imposed  by  legislation  e"nacted 
after  the  effective  date  of  that  plafa  (or  of 
an  amendment  or  supplement  U3  that  plan), 
has  engendered  or  will  engender  extraordi- 
nary costs  Ln  an  amount  which  Is  In  excess  of 
those  In  the  contemplation  of  the  parties,  aa 
determLned  by  the  Lessor,  on  the  effective 
date  of  that  plan  (or  amendment  or  supple- 
ment to  that  plan),  and  the  Secretary,  Lf 
be  deems  It  desirable,  may,  In  order  to  offset 
such  costs,  adjust  the  royalties  that  would 
otherwise  become  due  and  payable  thereaiter 
under  subsection  (a)  of  this  section  by  allow- 
ing a  credit  against  those  royalties  In  such 
an  amount,  and  for  such  a  time  aa  he  deter- 
mines. Is  warranted  In  the  cLrcumstaknces. 


<n 


OTHER  ROYALTY= 
GROSS  VALUE  ♦  $. 


03 


NO 


YES 


DETERHiriE   GROSS   VALUE   OF 
MINERALS  AT  THE   POINT 
OF   SHIPMENT  TO    t^l\HHLT 


>15 


OTHER  ROYALTY= 
GROSS  VALUE  < 


$.04 


OTHER  ROYALTY' 
GROSS  VALUE  •  $. 


05 


->-< 


LESSEE  RECORDS.  BY  METHOD 
WEIGHT  OR  QUANTITY  AND 
QUALITY  OF  OIL  SHALE 


I 


PRODUCTION  ROYALTY=TONS 
MINED  *  BASIC  ROYALTY  + 
OTHER  ROYALTY 
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CRCniT 

FOR 

EXTRAORDINARY 

COSTS  OF 
ENVIRONMENTAL 
PROGRAMS 


YES 


PRODUCTION  ROYALTY' 
PRODUCTION  ROYALTY- 
CREDIT 


MlnimuTn  Royalty  Sec.  7(e)  (1)>  The  lease  shall  pay  a  minimum  royalty 
beginning  at  the  end  of  the  sixth  lease  year  at  the  rate  specified  in 
the  Lease,  as  adjusted  by  the  price  index  factor  [subsection  (a)(l)(i) 
Thereafter,  until  the  fifteenth  year,  the  minimum  royalty  increases 
annually  by  the  rate  specified  in  the  Lease  and  is  adjusted  by  the 
price  index  factor.  For  the  fifteenth  year  and  each  subsequent  year, 
the  minimum  royalty  will  be  adjusted  only  by  the  price  index  factor. 


The  minimum  royalty  may  be  waived  if  it  can  be  shown  that  the 
lessee  is  prevented  from  implementing  the  development  plan. 
Sec   7 (e) (I) 

'  .   .    For  the  sixth   and  each  aucceeding 

Lease  Year. the  L/Cssee  shall  pay  a  mlnlrcum 
royalty  .which,  to  the  extent  that  royalties 
on  production  during  that  Lease  Year  In  that 
amount  have  not  been  previously  paid,  6haU' 
be  due  and  payable  on  the  Ajinlversary  Date 
at. the  end  of  that  Lease  Year.  For  the  sixth 
Lease  Year,  the  Lessee's  minimum  royalty 
fehall  be  equal  to  the  royalty  duo  on  ehaie  oil 
under   subsectloa    (a)(l)(l)    or    this   section 

on   on   annual    production    rate   of  

Tons  of  OH  Shale  containing  gallons 

of  shale  oil  per  Ton  of  Oil  Shale.  The  annual 
production  rate  Jor  computing  minimum 
royalty  for  each  subsequent  Incase  Year  up  to- 
and  Including  the  fifteenth  Lease  Year  shall 

Increase  In  an  amount  of Tons  of  Oil 

Shale  per  year  for  each  6ub.sequent  Lease 
Year;   for  the  fifteenth  and  each  subsequent 

Lease  Year   the   annual   rate   shall  be  ■ 

Tons  of  on  Shale.  Tlic  Secretary  may  excuse 
the  IvCEsce  from  compliance.  In  whole  or  In 
part,  with  the  requirements  of  this  paragraph 
(1)  of  eubr^ctlon  (e)  during  any  year  In 
which  the  Lessee  Ifl  prevenu-d  by  circum- 
stances over  which  he  hafl  no  control  from 
Implementing  a  development  plan  BubmJtted 
■  under  Section  10  of  this  lease. 
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LEASE 
YEAR  <  6 


YES 


NO 


N  =   TON Si 
(CONSTANT   DEFINED 

IN 

^         =6 

y^    LEASE     ^\        >  15 

K 

N   ■=   TONS2 
(CONSTANT  DEFINED 

LEASE   DOCUMENT) 

\.            YEAR          y 

IN  LEASE   DOCUMENT) 

7-15 

\{  =   TONSi    4 
ACCUMULATED  ANNUAL 
INCREMENT    COMSTANT      • 

h    d 

V 

MINIMUM  ROYALTY  = 
$.12  .  N  *r  f?^f,o 


PRODUCTION  ROYALTY  = 

PRODUCTION  ROYALTY  - 

(PRODUCTION  ROYALTY  - 

MINIMUM  ROYALTY)  /2) 


MINIMUM  ROYALTY  = 
MINIMUM  ROYALTY  - 
PRODUCTION  ROYALTY 


THIS 

^PRODUCTION  PRIOR^   no 
TO  8TH  ANNIVERSARY' 
DATE 


$ 
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Minimum  Royalty  Offsets  Sec.  7(e)(2).  The  lessee  may  apply  approved 
expenditures  as  credit  against  any  minimum  royalty  due  on  the  sixth 
anniversary  date  or  any  subsequent  anniversary  date  up  to  and  including 
the  tenth  anniversary  date.  The  expenditures  must  be  for  developing 
the  lease  tracts  and  they  must  be  made  after  the  approval  of  the 
development  plan.  The  expenditures  cannot  be  those  which  were  used 
for  Bonus  Offset  Credits,  but  they  must  be  similar  type  expenditures.— 

If  there  is  production  in  the  sixth  lease  year  or  any  other 
year,  up  to  and  including  the  tenth  year,  the  lessee  must  pay  a 
minimum  royalty  of  $10,000,  which  cannot  be  offset  except  for  rental 
monies.  Any  rental  monies  paid  during  the  lease  year  may  be  credited 
towards  the  $10,000  minimum  royalty. 

If  production  commences  prior  to  the  eighth  anniversary  date  and 
if  the  royalty  exceeds  the  minimum  royalty,  the  lessee  may  offset  the 
minimum  royalty  plus  one-half  of  the  difference  between  actual  royalty 
and  minimum  royalty.  The  lessee  would  still  pay  the  U.  S.  Geological 
Survey  a  minimum  of  $10,000,  minus  the  rental.  In  royalty  payments  if 
one-half  the  difference  did  not  exceed  $10,000. 


—   U.  S.  Department  of  Interior,  1975,  Guidelines  for  credits  against 

fourth  and  fifth  bonus  installments  under  the  prototype  oil  shale 

leases.  Federal  Register,  V.  40,  No.  125,  p.  27281-27233.  (June  27. 
1975) 
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Sec.    7(e)(2). 


The    LciiKce     rruiy    credll    against    »ny 


minimum  royalty  due  cm  tJve  ilxUi  AnixlTer- 


tnry  Date  or  any  subfiequent  AxLnJvajiuLry 
DaU>  up  to  and  Including  the  tenth  AnnJver- 
RAj-y  Date  tbo  a-mount  of  any  expenditure* 
which  are  made  between  the  approval  of  the 
deveiopment  plan  under  eectlon  10  of  tbl» 
Icai  •  and  the  tenlTh  Anniversary  Date  and 
■whli-n  are  directly  attributable  to  operations 
on  the  Leased  Landa  pursuant  to  that  devel- 
opment plan  for  the  development  of  the 
Leased  Depxjslta  and  vphlch  were  not  credited 
against  the  fourth  and  fifth  bonus  Install- 
ments. The  Mining  Supervisor  shall  have  the 
duty  of  determining  whether  expenditures 
credited  by  the  Lessee  are  attributable  to 
such  operations,  and.  If  the  Mining  Super- 
visor dete-rmlnes  that  any  reported  expendi- 
ture Is  not  attributable  to  such  operations, 
the  Lessee  shaJl  not  receive  credit  for  the  ex- 
penditure. Upon  the  crettlt  oi  an  expenditure 
agalnsrt  the  nilnlmum  royalty  due.  the  Leasee 
will  be  relieved  of  the  duty  of  paying  the 
equivalent  amount  of  minimum  royalty: 
Provided,  hotoever.  That,  If  there  Is  actual 
production  In  the  sixth  or  any  subse<5uent 
Lease  Year,  the  Les.see  ehall  not  be  pern-Ut- 
ted  to  credit  expenditures  against  the  flrtt 
» 10.000  of  minimum  royalty  due  for  that 
Lease  Year. 

(f)  If  the  Lo&s€e  enters  Into  production 
prior  to  the  eighth  AnnlverB«u-y  Date,  and 
-the  royalty  due  In  the  eighth  or  any  previous 
Lease  Year  exceeds  the  minimum  royalty  due 
under  subsection  (e)(1)  of  this  section  for 
that  Leas«  Year,  the  Lesse*  ahall  be  relieved 
from  the  payment  of  one-half  of  the  dlf- 
Ierenc«  between  the  actual  royalty  due  for 
that  Lease  Tear  and  the  figure  set  In  sub- 
Eectlon  (e)(1)  for  minimum  royalty  due  for 
that  Les^e  Year.  This  relief  from  the  pay- 
ment of  royalty  shall  be  In  addition  to  any 
crediting  of  expenditures  under  subsection 
(e)  (2)  of  this  section,  but  no  crediting  of 
expenditures  against  minimum  royalty  shall 
reduce  the  flgxu^  for  minimum  royalty  used 
In  the  prrecedlng  sentence. 

fiec.  8.  Payments^  All  bonus  Installments 
Bhall  bo  i>ald  to  the  appropriate  State  Office 
of  the  Bureau.  All  rental  payments  shall  bo 
-  made  to  the  appropriate  State  Office  of  the 
Bureau  untU  this  leas©  enters  a  producing 
status  or  minimum  royalty  la  required  to  be 
paid  on  It;  thereafter  the  rentals  and  royal- 
ties shall  be  paid  to  the  appropriate  Min- 
ing Supervisor  with  whom  all  report's  (In- 
cluding any  reports  on  expenditures  deduct- 
ible under  section  5)  concerning  operations 
under  the  lease  shall  be  fljed.  All  remittances 
to  the  Bureau  shall  be  made  payable  to  the 
Bureau  of  Land  Management;  those  to  the 
Geological  Survey  shall  be  made  payable  to 
the  United  States  Geological  Survey.  " 


^ 


PAYMENTS  FOR  ROYALTIES 
DUE  ARE  PAYABLE  ON  OR 
BEFORE  THE  LAST  DAY  OF 
THE  CALENDAR  HO;;TH  ■ 
FOLLOV.'ING  THE  CALENDAR 
MONTH  IN  WHICH  OIL  SHALE 
IS  PROCESSED  OR  SOLD 

0^°) 


FXPfNOnURES   NOT 

-^  CREDITABLE    AGAINST 
KIIilMUM   ROYALTY 


^ 


YES- 


EXPENDITURES  T 
EXPEfiDITURES  -  AMOUNTS 
CREDITED  AGAINST  'tTH  AND 
5TH  BONUS  INSTALLMENTS 


YES 


MINIMUM  ROYALTY  = 
->  MlNll'UM  ROYALTY  - 
EXPENDITURES 


NO 


KO 


YES 


MINIMUM  ROYALTY 
$10,000 


MINIMUM  ROYALTY 
MINIMUM  ROYALTY 
EXPENDITURES 
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As  stated  in  Section  6  of  the  lease,  the  rental  shall  be  credited 
against  any  royalty  payments.   The  rental  credits  cannot  be  carried 
forward  to  future  lease  years. 


^^S-:-A-  nentaU.  The  Lesse*  .liall  pay  the 
Lessor  an  aimuat  rental  wWch  i^Q  ^  in 
the  amount  of  60  centj  for  eacti  acre  or  Irac- 
tloa  ol  ail  acre  of  the  Le»*e<l  Le^^ls.  The 
Le3S«,  shaU  pay  the  rental  ' ^^  "'^^  'f  f*" 
nuent  Lea^e  Year  on  or  before  the  fin.t  di^y 
of  that  Lease  Year.  RenUUs^Jor^JiniJL^ase 
-ear  ahall  be  cr^cllt^d  b^  the  Lessor  against 
„|p^^^^rVlT„  po^^nrJ-for    that   L^a3e    lear. 


i 


LESSEE  SHALL  PAY  THE 
LESSOR  ANNUAL  RENTAL  IN 
THE  AMOUNT  OF  FIFTY 
CEIITS  PER  ACRE  OR 
FRACTION  OF  AN  ACRE 


\ 


YES 


-n 


RENTAL  IS  PAYABLE  ON 
THE  DATE  OF  SALE 


NO 


RENTAL  IS  PAYABLE  ON  OR 
BEFORE  THE  FIRST  DAY 
OF  THE  LEASE  YEAR 


T 


RENTALS  SHALL  BE  CREDITED 
BY  THE  LESSOR  AGAINST 
ANY  ROYALTY  PAYMENTS 
FOR  THAT  LEASE  YEAR 


r       END   j 


19 


Audits  and  Inspections.  Section  15  of  the  lease  and  Title  30  CFR, 
Parts  231.62  and  231.70  provide  the  Mining  Supervisor  with  authority 
to  conduct  audits,  inspections,  and  investigations  whenever  needed  to 
substantiate  the  creditabiiity  of  an  expenditure  or  validate  data 
that  was  used  to  calculate  the  royalty. 


/njpectton   and    tnyeitiqatlon.  The 

Q  It-  Leasee  shall  permit  BJiy  duly  authorLz-ed  offl- 

^"^  '     J-  ->  .  cfr   or   representative   of   the   Department  at 

any  reasonable  time: 

(a)  to  Inspect  or  InvcBtlpnte  the  Lea-sed 
L(\nds  and  all  6urla<:e  and  underground  Im- 
provementa,  works,  machinery,  and  equip- 
ment, and  all  hooka  and  recx)rd9  pcrtaJnlng 
to  operations  and  Burveys  or  Investigations 
under  this  lense;  and 

(b)  to  copy  and  make  extracts  Jrom  any 
books  ajid  records  pertalnLng  to  operations 
under  this  leaje. 


Diligence  Requirements.  The  lessee  will  use  all  due  diligence  to 
attain  a  production  rate  of  shale  oil  at  least  equal  to  the  rate  on 
which  minimum  royalty  is  computed  under  section  7(e)(1). 


Sect.  10.  (a)  (3)  ^  requirement  tha.t  the  Less^  use  all  duo 
dAllgoncs  In  the  orderly  development  of  tbo 
Lcnsed  Depoeita,  ajad.  In  particular,  to  attain, 
at  aa  early  a  time  aa  la  consistent  with  cotn- 
pUance  with  all  the  provlslonfl  of  this  leaac. 
production  at  a  rat«  .at  least  equal  to  the 
rat©  cm  which  minimum  royalty  is  com- 
puted under  section  7(o)  (1) . 
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ROYALTY  CALCULATIONS 

The  method  of  computing  the  royalty  depends  on  whether  the  oil  shale 
is  extracted  by  mining  methods  or  processed  by  in-situ  methods.   Items  1 
and  2  illustrate  the  calculations  of  computing  the  royalty. 


1. 


2. 


Royalty  from  in  situ  process,  dollars: 

Royalty   =    Gross  heat  of  combusion  of  all  products  (btu's) 

X    1  gallon  oil  '  1  ton  oil  shale  [  $0.12    index  factor 


152,700  btus  I    30  gals  oil    |    ton 

=    Gross  heat  of  combustion  (btus)  j   index  factor 
38,175,000  I 

Royalty  from  mining  when  processed  or  sold,  dollars: 

a.    Average  modified  Fischer  assay  <C  30  gals/ton 


Royalty 


tons  mined  [  $0.12  -  ($0.01 (30-assay) ) 


ton 


index  factor 


b.    Average  modified  Fischer  assay  >  30  gals/ton 


Royalty 


tons  mined 


$0.12  +  ($0.01(assay  -  30)) 


ton 


index  factor 


c.    If  $0.12  -  ($0.01(30-assay))  <  $0.04 

Then: 

Royalty   =     tons  mined  I  $0.04  I  index  factor 

ton 


In  order  to  determine  the  royalty  due  the  government,  the  lessee  must 
submit  a  monthly  data  sheet.   All  data  must  be  backed  up  with  books  showing 
lab  analysis,  daily  data  sheets  with  operational  data,  to  be  kept  by  lessee, 
and  should  be  available  on  request. 
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Table  1  illustrates  an  example  of  the  data  needed  for  royalty  calcu- 
lation of  a  50,000  barrel-per-day  in  situ  operation  or  a  50,000  barrel-per- 
day  mining  operation.  Standard  forms  v/ill  be  sent  to  the  lessees  by  the 
Geological  Survey.  These  forms  will  be  filled  out  by  the  lessee  and  sent 
to  the  appropriate  Geological  Survey  office  once  a  month  with  the  royalty 
payments. 

Basis     =    50,000  barrels/day  of  shale  oil  by  modified  in  situ  methods 
and 

50,000  barrels/day  of  shale  oil  by  underground  raining 
and  aboveground  retorting. 
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TABLE  1 .  —  Data  needed  for  oil  shale  royalty  calculations 
(for  demonstration  use  only) 


Time  of  operation August  1,  1986  thru  August  30,  1986 

Oil  shale  produced,  tons  (surface  retort  only) 2,268,784 

Fischer  assay  of  oil  shale,  gals/ton 27 

Price  adjustment  index  factor 1.226 

Gas  product,  mrascf  (MIS  only) 40,342 

Gas  heat  of  combustion,  btu's/scf  (MIS  only) 73.14 

Shale  oil  produced  (MIS  only) 1,458,500 

Oil  heat  of  combustion,  btu's/gal  (MIS  only) 135,298 
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In  Situ  Retorting 


Royalty   =  Gross  heat  oF  combustion   1  gallon  oil 

152,700  btu's 


X  1  ton  oil  shale'  0.12 


Index  factor 


30  gallons  oil  !   ton 

Royalty   =  $  Gross  heat  of  combustion  (btu's)  [  Index  factor 
38,175,000  I 

Gross  heat  of  combustion  from  oil  =  50,000  bbls  |  42  gal  !  135,298  btu's 

day  I  1  bbl  1  1  gal 

=   (2.84) (10)^^  btu's/day 


Gross  heat  of  combustion  from  gas   =   40.342  mmscf 


78.14  btu's 


scf 


(1.08)  (10)^^  btu's/day 


11 


Total  gross  heat  of  combustion     =   (2.84) (10)   btu's/day 


Total  gross  heat  of  combustion 
Index  factor  for  1977  =  1.226 
Royalty 


+   (1.08)(10)^^  btu's/day 
=   (3.92)(10)^^  btu's/day 


=  (3.92)(10)^^  btu's 


1.226 


day   38,175,000 
=  $  12,589/day 
=  $4,406,213/year 
=  $367,184/month 
=  $0.1052/ton  oil  shale  retorted 


29.17  davs 
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Aboveground  Retorting 

Royalty   =  Tons  retorted 


$0.12-($Q.01)(30-Assay) 


ton 


Index  factor 


=  77,778  tons  I  0.12  -  $0.01(30-27)  |   1.226 
day      I 


I         ton 
=  $8,582/day 
=  $3,003, 708/year 
=  $250,309/month 
=  $0.1103/ton  oil  shale  retorted 
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Mineral  Royalty 

There  shall  be  a  royalty  calculated  on  all  minerals  other  than  shale 
oil  which  are  processed  or  sold.  The  royalty  shall  be  based  on  the  value 
of  the  minerals  at  the  point  of  shipment.  In  case  alumina  and  soda  ash 
are  made  from  dawsonite  and  sold,  examples  of  how  the  royalties  are  to  be 
calculated  are  given.  For  easy  calculation,  100  tons  per  day  of  alumina 
and  soda  ash  are  used. 


Alumina 


First  10  lease  years 


11th  through  15th 
lease  years 


16th  year  until 
end  of  lease 


100  tons   $160^ 


7 


0.03 


day       ton 
$480/day 

0.0040/ton  oil  shale 
$16,000/day  (0.04) 
$640/day 

$0.0053/ton  oil  shale 
$16,000/day  (0.05) 
$800/day 
$0.0067/ton  oil  shale 


8/ 


Farrts,  Clifford  B.  and  Mains,  Charles  J.,  1978,  Dawsonite  and 
NahcolLto  Survey:  DOE  contract  No.  EC-77-S-07-1 183,  IDO-I683-1 
(v.  1  of  2),  p.  A-56.   (April  1978) 
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Soda  Ash 


First  10  lease  years 


11th  through  15th 


16th  year  until 
end  of  lease 


100  tons  I  $55^^   0.03 


day    I  ton 
$165 /day 

$0.0014/ton  oil  shale 
($5,500/day)  0.04 
$220/day 

$0.0018/ton  oil  shale 
($5,500/day)  0.05 
$275/day 
$0.0023/ton  oil  shale 


9/ 


Ibid. 
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MINIMUM  ROYALTY 


In  order  to  encourage  the  lessees  to  reach  production  as  fast  as 
possible,  Section  7(e)(1)  of  the  Prototype  Oil  Shale  Lease  requires  the 
lessee  to  pay  a  minimum  royalty  rate  of  production.  Table  4  gives  the 
minimum  production  rates  for  Tracts  C-a  and  C-b  which  are  specified  in  the 
individual  leases.  Therefore  as  the  lease  states  that  the  minimum  royalty 
will  be  based  on  30  gallons  per  ton  oil  shale,  no  adjustment  for  grade  is 
required  or  necessary.  The  royalty  rate  index  factor  is  based  on  the 
average  price  of  oil  at  the  wellhead  reported  for  the  states  of  Colorado, 
Wyoming,  and  Utah  [Sec.  7(a)(1)].  If  the  data  that  are  used  for  calculating 
the  index  factor  are  not  received  in  time,  the  last  known  index  factor 
will  be  used,  and  at  sucla  time  the  index  factor  does  become  known,  there 
will  be  a  correction  made  for  the  minimum  royalty.  The  same  is  true  for 
the  actual  royalty  if  there  is  production. 

Table  5  gives  the  index  factor  for  1970  through  1977.  The  index 
factor  for  1974  is  1.000,  as  1974  is  the  year  that  the  leases  were  leased. 
The  data  for  calculating  the  index  factors  wLll  be  sent  to  the  lessees  by 
the  Geological  Survey  as  soon  as  the  data  reports  are  published.  Since 
minimum  royalties  are  due  at  the  end  of  the  lease  year,  the  index  factor 
should  be  known  before  the  minimum  royalty  is  due. 
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TABLE  2.  —  Minimum  production  and  royalty  rates 
for  oil  shale  tracts  C-a  and  C-b 


Lease  Year  and  E 

)ue  Date 

Production  Rate 
tons/year 

Royalty 
$/year 

Tract 
Tract 

Ca  - 

Cb  - 

6th  ( 
6th  ( 

March  1 , 
'April  1 

1981) 
1981) 

1,130,000 
616,000 

10/ 
$135,600X(1980  I.F. 
73,920X(1980  I.F 

Tract 
Tract 

Ca  - 

Cb  - 

7th  ( 
7th  ( 

:March  1, 
'April  1, 

1982) 
1932) 

2,260,000 
1,232,000 

$271,200X(1981  I.F. 
147,840X(1981  I.F 

Tract 
Tract 

Ca  - 
Cb  - 

8th  ( 
8th  ( 

:March  1, 
'April  1 

1983) 
1983) 

3,390,000 
1,848,000 

$406,800X(1982  I.F. 
221,760X(1982  I.F 

Tract 
Tract 

Ca  - 
Cb  - 

9th  ( 
9th  ( 

:March  1, 
;April  1 

1984) 
1984) 

4,520,000 
2,464,000 

$542,400X(1983  I.F 
295,680X(1983  I.F 

Tract 

Tract 

Ca  - 
Cb  - 

10th  ( 
10th  ( 

:March  1, 
;April  1 

1985) 
1985) 

5,650,000 
3,080,000 

$678,000X(1984  I.F 
369,600X(1984  I.F 

Tract 
Tract 

Ca  - 
Cb  - 

Uth  ( 
Uth  ( 

;  March  1, 
:April  1 

1986) 
,  1986) 

6,780,000 
3,696,000 

$813,600X(1985  I.F 
443,520X(1985  I.F 

Tract 
Tract 

Ca  - 

Cb  - 

12th  ( 
12th  < 

:March  1, 
:April  1 

1987) 
,  1987) 

7,910,000 
4,312,000 

$949,200X(1986  I.F 
517,440X(1986  I.F 

Tract 
Tract 

Ca  - 

Cb  - 

13th  ( 
13th  ( 

'March  1 
[April  1 

1988) 
,  1988) 

9,040,000 

4,928,000 

$1,084,800X(1987  I.F 
591,360X(1987  I.F 

Tract 
Tract 

Ca  - 
Cb  - 

Uth  ( 
lAth 

[March  1 
[April  1 

1989) 
,  1989) 

10,170,000 
5,544,000 

$1,220,400X(1988  I.F 
665,280X(1988  I.F 

Tract 
Tract 

Ca  - 
Cb  - 

15th  ( 
15th 

[March  1 
[April  1 

,  1990) 
,  1990) 

11,300,000 

6,160,000 

$1,356,000X(1989  I.F 
739,200X(1989  I.F 

Tract 
Tract 

Ca  - 
Cb  - 

16  th 
16th 

to  end  < 
to  end  ( 

Df  lease 
3f  lease 

11,300,000 
6,160,000 

$1,356,000X(I.F.) 
739,200X(I.F.) 

10/ 

—   Crude  Petroleum,  Petroleum  Products,  and  Natural  Gas  Liquids:   (Final 

Summary),  Energy  Data  Reports,  DUE,  KIA,  Washington,  D.C.  20467. 

(See  following  table  for  calculation  of  Lndex  factor  <is  required  by 

Sec.  7(a)(l)(i)B  of  the  Lease.) 
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ROYALTY  OFFSET  CREDITS 


As  an  inceative  for  diligent  development  of  the  leased  lands,  the 
lease  allowed  credits  for  any  expenditures  prior  to  the  third  and  fourth 
anniversary  dates  which  were  directly  attributable  to  operations  for  the 
development  of  the  leased  deposits  against  the  fourth  and  fifth  bonus 
installments  of  the  five  installment  bonus  bids  of  the  lease  tracts. 
Likewise,  the  lease  allows  the  minimum  royalty  due  the  government  for  the 
sixth  through  the  tenth  lease  years  to  be  offset  with  expenditures  which 
are  directly  attributable  to  operations  for  the  development  of  the  lease 
deposits. 

When  production  does  commence,  a  minimum  royalty  of  $10,000  per  year 
must  be  paid  the  Geological  Survey.  The  following  depicts  the  equations 
used  for  calculating  the  royalty  offsets: 

1.  Rentals  paid  at  the  beginning  of  each  lease  may  be  used  as  a  credit 
towards  any  royalty  due  that  year,  but  cannot  be  carried  forward  as 
a  credit  for  future  lease  years. 

2.  Lease  years  6,  7  and  8. 

12/ 

Royalty   offsets   =  Minimum   royalty  +   ifCRoyalty —     -  Minimum)    -    ($10,000-..  . 

Rental)—^ 

3.  Lease  years  9  and  10, 

13/ 
Royalty  offsets  =  Minimum  royalty  (Index  factor)  -  ($10,000-Rental) — 


12/ 

—  Royalty  must  exceed  minimum  royalty  for  this  part  of  the  equation  to 

be  used. 

13/ 

—  Any  rent  monies  may  be  credited  towards  the  minimum  $10,000  royalty. 

If  production  did  not  occur  during  the  year,  rental  monies  may  be 
applied  towards  the  royalty  offsets. 
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4.    Lease  year  11  until  end  of  the  lease  -  Extraordinary  environmental 
costs  and  rentals  paid  are  the  only  offset  items  that  can  offset 
royalty  payments. 


Tract  C-a 

6th  year  =  $135, 600) (1 979  Index  factor) 

+  ^(Royalty  -  $135,600(1979  Index  factor))  -  ($10,000-Rental) 

7th  year  =  $271,200(1980  Index  factor) 

+  J2(Royalty  -  $271 ,200  (Index  factor))  -  ($10,000-Rental) 

8th  year  =  $406,800(1981  Index  factor) 

+  ?^(Royalty  -  $406, 800  (Index  factor))  -  ($10,000-Rental) 

9th  year  =  $542,400(1982  Index  factor)  -  ($10,000-Rental) 

10th  year  =  $678,000(1983  Index  factor)  -  ($10,000-Rental) 

11th  -    =  Royalty  cannot  be  offset 
20th  year 

Tract  C-b 

6th  year  =  Minimum  Royalty  +i2(Royalty  -  Minimum)  -  ($10,000-Rental) 

=  $73,920(1979  Index  factor) 

+  '^(Royalty  -  $73,920(1979  Index  factor))  -  ($10,000-Rental) 

7th  year  =  ($147,840)  (1980  Index  factor) 

+  i2(Royalty  -  $147,840(1981  Index  factor))  -  ($10,000-Rental) 

8th  year  =  $221,760(1981  Index  factor) 

+  ?2(Royalty  -  $221,760(1981  Index  factor))  -  ($10,000-Rental) 

9th  year  =  $295,680(1982  Index  factor)  -  ($10,000-Rental) 

lOtli  year  =  $369,600(1983  Index  factor)  -  ($10,000-Rental) 

llth  -    =  Royalty  cannot  be  offset. 
20th  year 
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Section  6  of  the  lease  allows  credits  of  any  rent  monies  towards 

royalty  payments  for  that  lease  year. 

1.         C-a     -  Rental  =  (5,089.70   acres) ($0.50) 

(acre) (year) 

$2,545/year 


2.    C-b   - 


Rental 


(5,093.90  acres) ($0.50) 

(acre) (year) 

$2,547/year 


The  royalty  offset  expenditures  will  be  handled  in  the  same  manner  as 
bonus  offset  expenditures  for  the  fourth  and  fifth  bonus  installments. 
All  requests  must  be  accompanied  by  evidence  supporting  that  an  actual 
expenditure  has  been  incurred  by  the  lessee.  Evidence  of  payment  shall  be 
submitted  with  a  brief,  but  accurate  description  of  the  expenditure  and 
its  use. 
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SU]-tMARY  AND  CONCLUSIONS 

The  method  of  calculating  royalty  depends  on  whether  the  oil  shale  is 
extracted  by  mining  methods  or  processed  by  in-situ  methods.  The  lessee 
is  required  to  keep  books  showing  lab  analyses  and  daily  data  sheets  with 
operational  data  to  backup  the  royalty  data.  Royalty  monies  due  the 
government  must  be  submitted  to  the  U.  S.  Geological  Survey  once  a  month 
by  the  lessee  using  standard  Geological  Survey  forms.  The  royalty  rate 
adjustment  index  factor  used  will  be  the  latest  one  published.  Corrections 
to  the  rate  adjustment  will  be  done  on  a  yearly  basis. 
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APPENDIX  I 

METHOD  OF  ASSAYING  OIL  FROM  OIL  SHALE 
USING  THE  FISCHER  ASSAY  PROCEDURE 


Standard  Method  of  Test  for 
OIL  FROM  OIL  SHALE 
(RESOURCE  EVALUATION  BY  THE  USBM  FISCHER  ASSAY  PROCEDURE) 


May  1980 


Reprinted,  with  permission,  from  the  Annual  Book  of  ASTM  Standards.   Parts 
No.  23,  24,  25,  26.   Copyright,  American  Society  for  Testing  and  Materials, 
1916  Race  Street,  Philadelphia,  PA  19103. 


ASTM  Di-.si-naLioii  1):  3^0jf-_ 79T 

Standard  McLhod  of  Test  for 

OIL  FROM  OIL  S1L\LE  (HKSOURCE  EVALUATIO:;  FA'  THE  L'SBM 

FISCiLER  ASSAY  PROCEDURE) 

1.      Scope 

1.1  Tiie  method  covers  the  deterir.iaat ion  of  t'-.a  anount 

of  oil,  water,  and  spent  shale  obtained  upon  prescribed  heating  of 

a  representative  oil  shale  sanple  that  has  be.en  crusried  to  an 

appropriate  size  (2.36m.:n  or  8  mesh).   The  anount  of  ^as  evolved  can 

be  calculated  from  data  obtained  in  this  pror.echjre.   'jhis  method  is 

applicable  to  oil  shale,  which  upon  heating  evolves  liquid  and 

gaseous  products  (Note  1).   It  lias  been  tested  over  the  ran^e  19  - 

227  liters  per  tonne  (5  -  60  gallons  per  ton)  of  oil. 

Note  1 The  method  does  not  include  proced-iros  for  identify- 
ing the  nature  of  the  gas. 

1.2  The  method  provides  standardi;;ed  data  useful  for  oil 
shale  resource  evaluation.   The  nietliod  neitlier  yields  quantities  that 
necessarily  duplicate  yields  in  experimental  or  cor.-:-:?rcial  oil  shale 
processes  nor  does  it  yield  products  that  necessarily  'duplicate  in 
physical  or  chemical  nature  tlie  prodvu-ts  that  iiay  be  obtained  in 
^\.\c\\   e::peri?.'.ental  or  co;-.mercinl  processes. 

2.      Applicable  Itocu'uents 

2.1   ASTM  Standard:-.  (Note  2): 

U  '^'iG   Standa.rd  Method  of  Collection  and  Rr.-.-.rnfion  v>-'  Coke 
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Sampler;  for  I.ribciraLory  Aiialysir. 
D  1?.30   Standard  Pctirolcur.-.  Measurer-cr.t;  Tabic;-;* 
D  I.JG      Slandard  Method  of  Test  for  V.'atcr  and  Sedine;;::  in 

Crude  Oils  and  Kuel  Oils  by  Cc-ntir if uj;c- 
U  2013   Standard  Method  of  Preparing  Coal  Samples  for  Analysis 
E  11   Standard  Specification  for  V.'ire-CloLh  Sieves  for  Testing 

Purposes 

Note  2 These  nethods  nay  be  found  in  Parts  IS,  2A,  25,  and 

26  of  the  1977  Annual  Book  of  AST7-!  Standards  (Petroieu:n  Procj.cts  and 
Lubricants) 

2  .  2   U.S.  Bureau  of  Mine  s  Pii  bli  cation  s 

RI  3977   Method  of  Assaying  Oil  Sb.ale  by  a  Modified  "isch.er 

Retort  by  Stanfield,  K.E.  and  Frost,  I.C.,  U.S.  BuMines 

Rept.  of  Inv.  3977,  1946,  11.  pp. 
RI  4477   Method  of  Assaying  Oil  Shale  by  a  Modified  risclier 

Retort  (Revision  of  RI  3977)  by  Stanfield,  K.E.  and  Frost, 

I.e.,  U.S.  BuMines  Rept.  of  luv.  4477,  1949,  13  pp. 
RI  6676   Autonated  Modified  Fischer  Retorts  for  Assa;.'ing  Oil 

Shale  and  Bituminous  Materials  by  Hubbard,  A.B.,  U.S.  BuMines 

Rept.  of  Inv.  6676,  1965,  19  pp. 
2 . 3   Other  Publications 

2.3.1  Taggart,  A.F.,  "Handbook  of  Mineral  Dressing  -  Ores 
and  Industrial  Minerals",  Jo!in  '.'iley  and  Sons,  Inc., 
1956,  Table  13,  Section  19 

2.3.2  He  i  stand,  Pvobert  N.,  "The  Fiscb.er  .Assay:  Standard  for 
the  Oil  S'nalc  1  n  lust  rv" ,  Ijiergy  Sources,  vol.  2,  No.  4, 
1976,  pp    397-405. 

2.3.3  S:niLii,    .lolvn   '..'ard,    "Sl  r.U  i  grapii  i ;;    Cr.. 1:1^0    i;i    Orv.miv* 
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ConposiLion  Dc-rioiinr rated  by  Oj  1  S'pf.r.  i  f  ic  C'ravi t.y-'"c:pLii 
Correlation  in  "ertiary  Groi-n  Kivcr  Oil  Sb.ales, 
Colorado,  Am.  As.-^oc.  Pc'trol.  (k-ol.,  v.  ^7,  No.  j. 
May  1963,  pp  80A-Si3. 
3.      Summary  of  Method 

3.1   Crushed  rav  shale  is  sanpl-id  by  rif  fle-spl  it  t  i;ic;.   The 
dctcrminatioa  of  the  amo-aat  ol:  oil  av:^.liablc  from  oil  shale  is  niadc  by 
heating  the  rav;  shale  from  ambient  temperature  to  500'^C  in  cast 
alum.inum  alloy  retorts.   The  vapors  distilled  from,  the  sa:;'.plc  arc  cooled 
and  the  condensed  fraction  is  collected.   The  oil  and  water  fractions 
are  separated,  the  water  volum.e  (converted  to  weiglit  equivalent)  is 
r.easurcd  and  subtracted  froai  the  oil  plus  water  weight.   The  weight  of 
uncondensable  gases  evolved  Cs^s-plus-l oss)  is  then  calculated  by  difference 
A.      Significance  and  Use 

A.l  Tliis  method  is  useful  as  a  basis  of  co;upai"ing  the  oil- 
pro. lucing  capabilities  of  oil  shales. 

A.  2   Because  the  U.S.  Departm.ent  of  Energy,  Lai'nmie  Energy 
Technology  Center  (formerly  a'  U.S.  Bureau  of  Mines  Laboratory)  has 
developed  au  extensive  record  of  data  concernip.g  the  properties  of  oil 
shales  frcm  various  regions  by  the  use  of  this  mei.luKl,  the  method  provides 
a  neanr;  o[    comparing  oil  siiale  deposits. 

'1,3   llie  extensive  use  of  the  procedure  makes  it  a  basis  for 
st.mdardix  i '.!<•  other  evalmtion  r'.cthocs  for  oil  shale. 
3.      Tcrminolo'v 

"^•^   .9L-L.A'ML'-1  ~  ^    sediii-.entary  rock  containing  insolu!>lo 
or;;aniv-  mat  tor  whicli  u;>on  healin.j;  yie:".;-:  an  oil  v:ii>ilar  to  •'•.•troleum. 
S.2  ^<y\[r   Oil  -  I'n.,-    orj'..-'.nic  l::;uid  obtained  from  the  retort- 
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in;;  of  oil  sh.ile. 

5 . 'i  '\'^'-S'''y.  ~    ^'■'^^'   dc: tern i-.-.at:  ion  ot."  the  tiolonti.'i  L  yicl-l  of 
a  s;>i-'cific  con'.pon.-.-it:  from  a  rosourc-.i  natcrial. 

5.-';   Gas- plus -loss  -  a  tern  covering;  evolved  [;ascs  not: 
condenS'.^d  at  0"jF3'^C  plus  cxper ir.-.cntal  error.   In  addition  to  cxperi- 
raental  error,  gas-plur^-loss  values  arise  £rorn  organic  niaterjal  and  frcr. 
minerals  present  in  the  oil  shale  which  may  release  hydrogen  sulfide  (lUS) 
or  carbon  dioxide  (Cn^).   An  exar^.ple  of  these  minerals  are:  Dolomite 
(CaMsCCO^)^)  and  Pyrite  (FeS^). 

3.5   Resource  E'/aluation  -  evaluation  of  an  oil  shale  resource 
is  the  deten-ination  of  the  approxir.ate  oil  resource  present  in  the 
deposit.   Oil  yield  assay  results  ccrabined  with  strat if,raphic  and 
geographic  distribution  permit  estir.ation  of  a  shale  oil  resource. 
6.      Interferences 

6.1   An  erroneously  high  gas-plus-loss  value  v;ill  be  obtained 
if  tp.e  system  is  not  gas  tight.   If  sr.oke  or  vapor  is  detected 
rising  from  the  systen,  or"  a  pungent  odor  is  present,  a  leak  is 
evident  and  tlie  sampl.e  must  be  re- run. 
7.     Apparatus 

7.]   As5;ay  Bench   consisting  of  the  compone.nts  (Figure  1): 

2 

Ten-pei-ature   Control    Unit"    (Figure    1) 

Cooling   Bath   capable   of   holding   a   constaiv.    Loi;ii)craturo 
thivougli    condenscM's    of    0'"'^3'^C    (ri.gure.-.    1,    2,    and    S) 
ConhUaat    Temper. i*   ire    :'.ai.'n    capable    of    main ta  Lning    iO^  +  ^^C 
F.lectric    H-ater    (I'ig.ures    G    and    7) 
I'rtig.ra:r.mer'"    (Fir.ure    1) 
K''«.  ordv  r    ( r  i  .•.•■x:  e    1 ) 


I-:', 
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and  ;.;anv  calciu::i  coini^ounds  aro  uscfd  i:iec!  ic  i  nal].y  .   ( " )  u  r.  < ;.  ■>•  r  o ;  ■  s  ?  r  c^  pc-^r  r  i  c;  s^ 
of  Indu-^  f.  rial  'tater  i  a2_^  1  >  y  N  .  T  .  Sax,  p  p  3  09). 

XoL(*  5 CAL'TIOM,  hariv.ful  if  iniialed  --  hU^h   c -••.-.  cent:  rai  ic)nfi  nay  ca 

unconscio'jsae^js  or  death.   Avoid  [)ro].onp,ed  or  repealed    broatiiinf;  of  vajic^r 
Use  onlv  v;it:h  adoqualo  vent  L]  at  i  oa  .   Do  uoL  L:.l:e  intor-aa  1.  ly  .   Avoid  prolo 
or  repcaLc-ci  conracL  with  skin.   Ho  not  get  in  eyes.  'Jo   not  store  in  open 
unlabeled  or  nislabeled  containers.   Do  not  store  de:;ronso,  clean-oitt 
sludge  in  ti[;ht.ly  sealed  containers.   Store  containers  ont-of -doors  avay 
fro:?,  combustible  materials.   Do  not  use  cuttinc;  or  ve]  d  in<'.  torches,  open 
fla~.es,  electric  arcs  or  c,lc'..-ing  surface  on  enpty  or  full  drur^.s  that 
contain  tri-iiloi'oethylcrne  (methylene  chloride). 

Note  6 CAUTlCiN,  Danger,  extremely  flar.mable.   Vapors 

may  cause  flash  fire.   Keep  av;ay  from  lieat,  sparks,  and  open  flame. 
Keep  container  closed.   Use  v,-ith  adequate  ventilation.   Vapors  may 
spread  long  distances  and  ignite  explosively.   Avoid  build-up  of 
vapors  and  eliminate  all  sources  of  ignition,  especially  non- 
explosion  proof  electrical  apparatus  and  heat£;rs.   Avoid  pirolongeri 
breathing  of  vapor  or  spray  mist.   Avoid  contact  '.-.■ith  eyes  and 
skin.   In  case  of  spillage,  absorb  and  flush,  .v.'ith  large  volumes  of 
vater.   In  case  of  fire,  use  v/ater,  dry  chemical,  CO^  or  "foam. 

Note  7 Slight  fire  lia^.ard  when  exposed  to  fire  or  flame. 

Moderate  explosion  ha/card  when  exposed  to  flam.e.   Slight  irritant 
when  expo.sed  to  skin.  (Dangerous  Properties  oi    In.-.ustr ial  Materials 
by  N.I.  Sax,  pp  7  37). 

Note  S See  section  on  lead  compounds  in  '\ar.:  erous 

Properties  of  Industrial  Materials  by  N.I.  Sax,  pp  Sil. 

9.  Sampling 

9.1  Sample  size  and  samj.ile  preparation  proce:;-.:rc'.s 
sh.ould  comply  with  ASITI  D3A6-7S,  D2013-72,  and  T-ll. 

9.2  A  minus  2.36mm  particle  size  (S  mesh,  U.S.  Star.dard) 
(see  F.-ll)  should  be  used  for  better  representation  in  tliis  method. 

9.3  Because  of  the  non-homogen.eous  nature  of  oil  shale, 
a  95+10;;  ^;a^lple  siiould  be  t  •  en  by  riffle-splitting  only. 

10.  ?rrpara:ion    of    A[)-paratuj 

10.  I      All    eo/aipment    should    be    rlean'"»d    and    drier!    prior 
Lo    CAch   assa.y.       Special    attentitui    slunild    be    giv-.n    t!    ■    cU"-:t)l]atc 
outlet    of    the    retoj-t,    m-:    it     tti-.d';    to    accumulate    .siiiK    dust. 
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cnrbonized  i;'.aLi.T  l:i1  cMkI  oil. 

10.2   T[i2  cooling  r.'.ediun  trmj.cr.'icur'.i  for  the    condensers 
and  cooling  bnth  shonld  be 'mainCai-.vjd  at:  O^'j^B^C. 
11.     Procedure 

11.1  V.'eigh  the  oniiire  contents  of  a  ri  f  f  1  o-splic 
(approximately  95+lOg)  in  a  tared  retort.   Tor  best  triinsrns- 
sivity  of  heat,  alvur.inurr.  discs  (np  to  5  are  recomir.ended)  and 

a  chimney,  as  shovn  in  Figure  5,  should  be  nsod  separating  the 

sample  between  each  disc.   Pouring  trie  sample  nec:r  or  into  the 

vent  tube  should  be  avoided  (Xote  9).   Place  cap  into  jiosition 

and  tap  lightly  to  seal.   Check  that  vent  pipes  are  tight. 

Note  9 The  effects  of  dust  vary  according  to  the  composi- 
tion.  If  it  is  organic  dust,  it  is  primarily  a  nuisance,  but  nay 
produce  asthr.ia  by  being  an  allergen.   If  the  dust  cop.tains  toxic 
compounds,  cither  organic  or  inorganic,  the  harvard  is  tha.t  of  the 
toxic  co:nponent  (Dangerous  Properties  of  Industrial  Materials  by 
N.I.  sax,  pp  711).   A  dust  mask  is  reccrjr.ended . 

11.2  V.'eigh  a  clean,  dry  receiver  and  adapter  to  the 
nearest  O.Olg.   Assemble  the  retort  apparatus  as  shown  in 
Figure  2 . 

11.3  IriiTierso  the  receiver  to  the    lOO-.nl  r.iark  in  a  cool- 
ing I)atb.  (i'igure  2).   The.  cooling  iaediu~i  circulating  t'nroug".\  the 
condensers  arid  cooling  bath,  must  be  '.na intained  at  0''-f-3°C  for  all 
assays. 

11.  A   Tb.e  system  inust  be  gas  tight  (See  6.1  a;ul  CAl'TION, 
Note  10).   Tui'n  on  the  i'>ov.\m;  switch,  controls,  timer,  and  recorder 
Heat  the  sample  according  to  the  hca.t  ing  profile  shov.-n  in  Figure 
9.   Tile  sanple  \  y.   iieated  in  .such  a  ;.i.\nxer  as  to  g.o  freni  ariliient 
(ll.e  st.nrin!'  point  r.i.'.rked  by  letter  "A",  see  I'igui-e  9)  Lo  500"r 
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3^0  In  AO  ninuLi'S.   Mainttiin  tivii:  530'''C  lernperature  fc-r  a  iai'.ii:;:iir: 

of  ''iOl-3  niLnuCos,  concluding;  w'nc-a  t'ni-    evolucicn  of  oil  Una    boon 

comp]  C'Lcd .   Thi:;  pr^vter  hcatin;;  t:i-.e  and  Lc-ripei-alure  r.iust  bo 

observed  Lo  naLntain  unifori:;  results.   For  oil  yieldo  greater 

than  GO  gallon.';  per  ton,  a  longer  r.aintenar.ce  tine  at  500'"C  nay 

be  necessary. 

Note  10 CAUTIOX,  the  f,a?9s  evolved  during  distillation  nay 

be  toxic  and  should  be  vented  to  the  outside  atmosphere  through  a 
hydro^'.en  sulfide  (H^S)  scrubber  such  as  a  freshly  prepared  (10^',/ 
100ml)  lead  acetate'solution  (Pb  (C^H  0^)  i!,^0)  ;  as  an  example: 
high  pyrite  (FeS  )  bearing  shiales  can  produce  hydrogen  sulfide  (H^S)  . 

11.5  After  the  progran  is  completed,  turn  off  all  controls, 
disassemble  the  apparatus,  rer.ove  the  retort  from  the  oven  and  add  a 
calcium  chloride  (CaCl„)  drying  tube  to  th.e  distillate  outlet  (this 
precaution  is  necessary  to  avoid  absorption  of  v.'ater  on  the  spent 
shale  in  the  retort).   Allov;  tha  retort  to  return  to  ambient  temperatur. 

11.6  After  drying  the  outer  surfaces,  weigli  receiver,  adapter, 
and  contents  to  tlio  nearest  O.Olg. 

n.7   Separate  the  receiver  and  adapter.   In'j^.^erso  the  receiver 
to  the:  lOOiul  mark  into  the  coiistant  te:?.perature  bath  until  an 
equi  libr  iu:ii  temperature  of  A0°j5°C  has  been  attained. 

J  1.8  'J'he  retorted  oils  r.-ust  be  free  of  v.'ater  and  be  mixed 

thoroughly  before  relative  density  determinations  are  nade. 

CenI: r  if u;.',e  the  v;aria  receiver  as  described  in  ASTM  1)1796-63,  read 

aiid  rerord  the  volu!:ie  of  watc-v,  and  take  an  aliquot  of  the  oil 

fr.'icLioii  f(>r  oil  rol'itive  density  r.eaGu rer.ent  (see  2.3.1  and  l^iote  11). 

Xotr-  11 U'hi-n  iliore  5s  insufficient  oil  for  .in  accurate 

rel.i!i\c  t!.',i:;ity  iiii.'a>;uremin  t  ,  t'ne  volu.i.e  of  oil  is  appro;  inat  eci 
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fron    itJ;   v.'o  i.;-,iii".    and    an    as.sur.ied    rr.i'.iir-n   v.-ilue    f^r    rclat.iv>j    (.'.t-nsity 
of    0.97.0    i.-;    used.       Seo    Smith,    J  .'•.■.  ,    ;'.".ll.    .An.    .X.ssoc.    ?-.-li:ol.    f.eol., 
V.    A7,    No.    5,    May   1963,    pp   80A--.13. 

11.9      The  oil    should    b--   war-.od    to    37.8"(:    (lOC'r)    to    obtain 

sufficient    fluidity.       Deternine    th.j    relativt??   dc:ns;ity   of    the   oil    u^lng 

a    pipet    or   i)ycno:zeter    (a    convenient;    size    is   approximately    Inl). 

}'ip-et   voluni.-is    shr»uld    be    calibrated    and    relative   densities  nust    be 

repc^rted  .at    IS-f^^C/lS  .  6'°C. 

li.,9.1      In    order    to    expre.ss    oil   relati\'e   densities    at    a 

st.'indard    ter.perature    (15.5°C    (^'O^F)),    the   ncasured 

relative   densities   v.'ere    corrected    from    37  .  8°C/37  .  S^C 

(i;00°F)    to    1?.6'C/13.6°C    (GC^F)    accordinr;    to 

AS-TM   D1250-56.      The    shale   oil   density    corrections 

arx-   as    follovs: 

Observed  K-t'J.ati'./e  Density  Correction 

O.SOa-  0..T.A3  +0.010 

0.8A4-  'J.Oie  ■  +0.009 

0.917  -     :..  000  +0.003 

12.  Calculaticr-> 

12.1    11      :  .1  liters   of    oil 


M!    oil    -      (s;ro.T-'-  :  v.:n    11.6) 


(vv-t.    fro:n   11.2)    -    (:al  water    .J' rem   11.  S) 


12.: 

Ml  of  oil  (or   V.'. 


(•i  1  ,  vt .:'  ^  (••.ro;- 


relat:-.:'  density  from  11.9.1 
'ilitcrs  of  Di'  (or  \.-at.er)  per  gran  of  sh.jle 

■;ee  11.8,  Noti  11)  =  PX.SlS.  l^^L  SPI^'^ILl^^  ^''-    '  1  •  ^ 

v.'e  i  <',h t  of  s .-ir.p  1  e  f  r or.i  11.1 

12.3  r    y  L o  1  d  ,  v.'i"  i  ;;,'n t  per c en i 

v.vi,-'nt;  of  sur.r^l c    fro::)  .11.1. 


1  00 
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1  2  .  'i      Gas- p  1  u  •. -  lo s s  ,    v.\' i f,ri t    p c r c e ; 1 1: 

Gas    I-    loss   vf.r,    ^--    (vl    of    s-i:-:p3e    fror-    1]  .  ]  )    -    ^.--t    of    oil    -I-  v.-nt_or    ■'_  sp.-.-nt    ^^J.-'i^J.^ 

veiglii    of    sar.plo    frv.<:-.    ll.i 

1!?.5      Gallons   of    oil    (or   v.-at.<.T)    T'or    ton    of    shale 

■■      ml    of    oil    (or   ^^nLer")    fron    II.  S   ::    2.30^ 


Gailo-.is   of   oil    (or   water) 
(sp.e    11.  S,    :;oi-.o    11)    per 
toi;    (if    shnlc 


--'———     X   100 


wei,^ht:    of    r.ar.^.yle      from    11.1 


12.6     V.'ater   yield  ,.  weight:    p-^rcenr 


VJaicr,    v.'t.%      ^      nlwarcr    fro:.-!   ll.S 


X  100 


Vl  of  sanple  froni  11.1 
12.7   Spent  shale 
%  Spent  F.halo  ~     vt  of  spent  shale  after  report  ins 


:■;    100 


v;eig:it    of    sanple    fror.   11.1 
13.  Precision 

13.1  These  criteria  \;ere  developed  by  a  cooperative 
test    r''o;;ran   evaluated    according    to   ASTM  Manual   on   He- tern-.ip.  in". 

Pr  eels  ion   Da  t_a.    for   ASTM  Mar :  i  ods    or.    Pc  tr  oley  \~.   Products    a  n  d_  _!  ;  i  b  r  !  a  a  n  t  s 
Research   Report   No.    RR  D-2    -   1007. 

13.2  Repeatability  of  oil  -  duplicate  results  by  the 
sane  operator  should  be  considered  suspect  if  they  differ  by  nore 
th.an   -'1.2    liters/tonne    (1.0   gallon/ton). 

13.3  Reproducibility  of  oil  -  tb.e  resul'cs  submitted 
by  eacli  of  Lv/o  1  abora. tor .' 'J.^  sbiould  be  coni:idered  sus^pect  if  tb.ey 
differ   by  more    than   8.3    liters/ tonne    (2.0   ga  lions/ i.oiO  • 

13.'i      The    results   o)     the   eocvporc-;  t  i\-e    te;L    proi'ivin, 
ivor-.i  v'iiii-li    t!i''  :e   Vrllue^4    ha\-e    been    ('vMi\'i-d,    are    filed    at    AS  !".'■! 
llea.c'.cai  :r t ers   .is   Ivcsearcli    K'.epori    ^i'^.    KR    _      _  ;    'i-2 

13.')      Tlie   A:::«.  r  ica'.i    Sovioty    i  cu^    .•'.-.-•l  i  nj*    a:'.!   "aii-rials 
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t.al;c.s    no    por.  i  t:  i  on    ros;>oc  t  in,:;    llie    va.lidiLy    of    any    -jatcnt;    rL;-:iLs 
a~;.'".C'rL  v\'1    in   ronnc-o  •  ion   w:".'n    any    iter.  :;K-nr  i-.-Liei!    in    the^-.c    sunn.'.iirijs , 
Users   (if    th-'s-j    uLanclards   are    expressly    acivitjecl    t::..'.L    clcLerr-.inat  ion 
of    tlii;   vaJidily   of    any    S'jch    paccnt    rights,    and    the    risk   of    in- 
fringe;.lenL   of    such   riglits,    are   en'jirely    t'ncir   ov/n    respons Ibi]  it:y , 


I-  1  1 


foot:;o:!-s 


^1 . 


:). 


Crm   bo   purcha.saci    throii;;;i   El<jcL:ic;   T'ov/er    Ffii;  i  prr.ent:    roiv-iiaiiy 

Coinncrcc   (Mliy,    Colorado. 

Can    be    purchased    tiirovi^h    the?    follo-ving:      Gaip.riaf  lu:: ,     Inc., 

Rcston,    V<!,    or   Leeds   a:id   Xornhrup,    Denver,    Co. 

Can   be   purcl^ased    thrc;v.;":h.   Kontei:    of    California,    San    I-eandro, 

California. 

Can  be  pnrcliased  t:hro\:r;h  Arapa:;oe  Aluninun  Fovmdry,  En^Je- 

v.'ood ,  Colorado. 

Sax,  N.  Irving,  "Dangerous  ?ro;.iert:ies  of  Industrial 

Mate.-i.als",  Van  Nostrand  ReinhoJd  Co.,  1975. 
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VErn  TO  E>:-:aU5T 


CONDENSER 


no  nl  CENTRIFUGE  TUP.E 


CCJOLING  BATH 


ADAPTER 


Fip,.   2      Apparatus  assembly 


I-IA 


24/40  STANDARD 
TAPER  JOINT 


13   mm    (1/2   In)   O.D.  MEDIUM  V/ALL 


S    mm  O.D.  MEDIUM  WALL 


Vic;.    3    Adaptor 
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-;^  25   mm  (1    in] 


3 


E 
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Fl;;.   4     100  ml  ccacrifir;c  tube  (receiver) 
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TO'  V.rVJ  0»j'» 


b. 


$iDt  V'Ew  0»5n 


IN$U14'TiOn 
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Fig.  6  Hr-ater  asserbly 
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APPENDIX  II 
METHOD  OF  CALCULATING  CALORIFIC  VALUE  OF  LIQUID  FUELS 


Reprinted,  with  permission,  from  the  Annuai  Book  of  ASTM  Standards.   Parts 
No.  23 ,  24 ,  25,  26.   Copyright,  American  Society  for  Testing  and  Materials, 
1916  Race  Street,  Philadelphia,  PA  19103. 


HMiy     Designation:  D 
^'         (Roapproved  15 


240  -  64 
1973) 


American  National  Standard  Z11  141957  (Rigji 

Reaflrmod  March  18   ij,'4 

By  American  National  Standards  Injt  •_•, 

Method  2502-  Fedt-j'  •,.. 

Method  Standard  No    ff: 


Standard  Method  of  Test  for 

HEAT  OF  COMBUSTION   OF   LIQUID 

HYDROCARBON   FUELS   BY  BOMB   CALORIMETER' 

This  Standard  ib  issued  under  the  fixed  dcMgnalion  D  240.  ihc  number  immedialciy  followinp  the  deMgnniion  indicate*  tht 
Near  of  original  adoption  or.  in  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  \eai  of 
last  reapproval. 


1.  Scope 

1.1  This  method'  covers  the  procedures  for 
determining  heat  of  combustion.  It  is  appli- 
cable to  a  variety  of  substances  but  particu- 
larly to  liquid  hydrocarbon  fuels  of  both  low 
and  high  volatility 

Note  1 — The  values  stated  in  U.S.  customary 
unit<i  arc  to  he  rep^rrl.-rl  ;is  ihir  ^'.^fi'iarc' 

2.  Summary  of  Method 

2.1  Heat  of  combustion  is  determined  in 
this  method  by  burning  a  weighed  sample  in 
an  o.xNgcn  bomb  calorimeter  under  controlled 
conditions.  The  heat  of  combustion  is  com- 
puted from  temperature  observations  before, 
during,  and  alter  combustion,  with  proper  al- 
lowance for  thcrniochemical  and  heat  transfer 
corrections.  Eiihcr  isothermal  or  adiabatic 
calorimeter  jackets  may  be  used. 

3.  Definitions  and  Units 

3.1  The  energy  units  as  used  in  this  method 
arc  defined  as  follows: 

3.1.1  /  cal  (International  Table  calorie) 
equals  4.1868  joules. 

3.1.2  /  Biu  (British  thermal  unit)  equals 
251.996  cal  cqu.ils  1055.06  joules. 

3.2  Gross  Heal  of  Comhusiion,  expressed 
as  calorics  per  cram  or  British  thermal  units 
per  pound — ihe  heat  released  by  the  combus- 
tion of  a  unit  mass  of  fuel  in  a  constant 
volume  bomb  vMih  subsianiially  ail  of  the 
walcr  condcn-ed  to  the  liquid  slate. 

}  i  .\fi  Hiui  of  Comhuslion.  expressed  as 
caloiies  per  i;rjm  or  Brilivh  thermal  units  per 
pound — the  heat   released  by  ihe  combustion 


of  a  unit  mass  of  fuel  at  a  constant  pressure 
of  1  atm  with  the  water  remaining  in  the 
vapor  state  (obtained  by  calculation  from  the 
determined  gross  heat  of  combustion). 

3.4  Energy  Equivalertl  (effective  heat  ca- 
pacity or  water  equivalent)  of  the  calorimcicr 
is  the  energy  required  to  raise  the  temperature 
1  dea.  expressed  as  calories  per  dog  C  or  dr-f 
F.  ' 

3.5  Temperatures  may  be  measured  in  ci- 
ther Fahrenheit  or  Celsius  degrees. 

Note  2 — Temperatures  may  be  recorded  ir. 
ohms  or  other  units  when  using  electric  therniomc 
ters.  The  same  units  must  then  be  used  in  all  caUu 
lations.  including  standardization. 

3.6  Time  is  expressed  in  calculations  m 
minutes  and  decimal  fractions  thereof  It  nia> 
be  measured  in  minutes  and  seconds. 

3.7  IVeighis  are  measured  in  grams. 

4.  Apparatus 

4.1    Test     Room,      Bomb,     Calorimeirr 
Jacket,    Thermometers,    and    Accessories,  a» 
•  described  in  Appendix  AI. 

5.  Reagents 

5.1   Alkali.  Standard  Solution   (0.07:5    M 
—  dissolve   3.84   g  of  Na,CO,  in   water  and 


'  This  method  is  under  the  jurisdiction  of  ASTM  I  «"^ 
mittce  l)-2  on  Pctrnlcum  I'riHluvls  and  I  uhntants 

(  uinnt  edition  clfi-i.ine   Aug     31.    \')t>i    Oti|;injlt»   ■• 
sued  l-J^    Kcpiaccs  U  240      57  f. 

'  \    more   prcJi-c   mcthi>d  designed  specificalls    f'"    -"* 
vkiih  a\ialuin  turbine  lutK.  allhuuch  it  i.in  he  used  I   '   ' 
»iiU-  r.inire  nt  volatile  .ind  nonvolatile  fuels,  is  di'^ri'v*.' 
\SIM    Meihud   I)  :'s:.    Test   lor  Ileal  oftoiuhu.ti   " 
Mvdrov.irh.in  huelvb»   Homh  C'.iloiimeler  ( llu-h  J'tv 
Melhod),  AnnujI  Book  of  .ASfM  SiunJiirJi.  Purl  N 


•.•    10    1    liter;    allernu: 
>  Jc    (NaOH  )   or   po! 
•  I'll)  solutions  of  the  p- 
.v.cptable. 
•  ;   Benzoic  Acid.  Sian(t. 
>>:.-r  must  be  compressc 
.;   before   weighing.    Bo 
.vhii-h  the   heat   of  cor 
.\-inincd  by  comparison 
M    c.iu  of  Standards  sam- 
.   ••-.iMercially     for    those 
v...;:pped  to  pellet  benzoic  a 

^  »  .^t ethyl   Orange  or 
.Jti<r 

^4  O.wgen — Commericc 
•r.'sn  liquid  air  can  general 
r-.irification.  If  purificatior 
\:^pci;dix  A 1.  A  1.1 1. 

.^  .^  2 .2 ,4-Trimethylpent: 
Sundard.* 

t>.  Standardization 

!•  I   Determine  the  cncrg; 
I  iiiinrnf^t (»r  •!«  th**  a^'era"* 
ics'.s  using  standard  benzoi 
should  be  spaced  over  a 
•.Ian  three  days.  Use  not  1 
rs-rc  than    1.1    g   of  .stani 
•t  ilIsCOOH).  ^lakc   ea 
as^.>rding  to  the  procedure 
'•'•r.  7  and  compute  the  cor 
fi^c.  /.  as  described  in  8.1 
i^e  corrections   for  nitric 
i;ring  \Mrc  as  described  in 
'■■  '.He  following  equation: 

»■  -  (Hn  ^  e,  - 

»'icre: 

"         energy     equivalent 

cal/deg  FcrC  (J/K' 
"        heal  of  combustion  o 

acid.  6.'«18  cal/g  (26.- 
<  v^eight   of  standard   ' 

Pic.  g. 
'  corrected    icmperaiu 

I.ncd  in  S.l  or  8.2. 
'■        correction  for  heat  c 

iric  acid,  cal  (J)  and 
'<        correction   for  heat 

firing  wire,  cal  (J). 
'  1    Si.ind.irdi/jlion    le 
•''Ud  alicr  chanpmc  any  p 
'''!  and  uccaMonalh  as  a  c 
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ilStandardZn  14-1957  IRiq?*. 
Reattifmed  March  18   197« 
iric»n  National  Standards  ln»;.t,'» 
Method  2502  — Fecefai  T'V 
Method  Standard  No    79's 


CALORIMETER 


I  j.inB  the  designation  indica'.c^ :':( 
|,  parentheses  indicates  the  %cj:    ■ 


1 


uel  al  a  constant  pressure 
water    remaining   in   '.he 
•;ned  by  calculation  from  ir.; 

Iat  of  combustion). 
valeni    (effective   heal  c.i 
juivalent)  of  the  calorimeter 
.-•T-ed  to  raise  the  tempcijUirc 
Y  calories  per  deg  C  or  licv- 

^res  may  be  measure-  :"  c: 
-^Celsius  degrees, 
lalures    may    be    rccordiil  •.- 
-,■  when  using  electric  ihcnu.'- •• 
-.s  must  then  be  used  in  all  t.iu  j 
dardi/ation. 


t 


[pressed    in    calculations   m 
-:mal  fractions  thereof.  U  n-.i^ 

rules  and  seconds, 
measured  in  grams. 

\m.  Bomb.  Catorinuw 
^meters,  and  Acccssom^.  " 
•irndix  Al. 


I 


! 


I 
.1 


andard  Solution   (0  0'-'' 
P   of  Na,CO,  in  ^^'i^' 


;nder  the  luriMlulu-n 


\sl  M 


.40      ?7  I 

icthiKl  dcMiiiicd  ^r^■»'"•  '   • 
lucU.  allhoueh  it  c.i»  N^ 
jnd  nonvol.uilc  luclv  "  >  • 
-2.    U-.l  l>T  1U-..I  >••  \-   ■  ■ 

^    B.<iiiN  C  .il.-nn.cler  >ll  . 

■k  oj  ASl  U  SiJ'iJ.J'J'.  !'■'■'  ■ 


Jilutc  to  1  liter;  alternatively,  sodium  hy- 
droxide (NaOH)  or  potassium  hydroxide 
(kOll)  solutions  of  the  prescribed  normality 
.irc  acceptable. 

5.2  Benzoic  Acid.  Standard^ — Benzoic  acid 
piittder  must  be  compres.sed  into  a  tablet  or 
pellet  before  weighing.  Benzoic  acid  pellets 
for  which  the  heat  of  combustion  has  been 
determined  by  comparison  with  the  National 
Bureau  of  Standards  sample  are  obtainable 
commercially  for  those  laboratories  not 
equipped  to  pellet  benzoic  acid. 

5.3  Methyl  Orange  or  Methyl  Red  Indi- 
laior. 

5.4  Oxygen — Commcrical  o.x\gen  produced 
from  liquid  air  can  generally  be  used  without 
purification.  If  purification  is  necessary  see 
■\ppendix  Al.  Al.I  I. 

5.3  2 ,2 ,4-Trimethylpeniane  (isoocU\nc). 
Standard.* 

6.  Standardization 

6.1  Determine  the  energy  equivalent  of  the 
calorimeter  as  the  average  of  not  less  than  six 
tests  using  standard  benzoic  acid.  These  tests 
.Krv.jM  K»  spaced  ccr  a  period  cf  r.^l  Itas 
ihan  three  days.  Use  not  less  than  0.9  g  nor 
more  than  l.l  g  of  standard  benzoic  acid 
iC.HjCOOH).  Make  each  determination 
according  to  the  procedure  described  in  Sec- 
tion 7  and  compute  the  corrected  temperature 
rise,  /,  as  described  in  8.1  or  8.2.  Determine 
ihe  corrections  for  nitric  acid  (HNOj)  and 
firing  wire  as  described  in  8.3  and  substitute 
in  the  following  equation: 

IV  =  (Hg  f  f,  +  e,)/t 

*herc: 

'*'   =   energy     equivalent     of     calorimeter, 
cal/deg  For  C  (J/K) 

H    ^   heal  of  combustion  of  standard  benzoic 
acid.  6318  cal/g  (26.454  J/g) 

i     -    weight   of  standard   benzoic  acid  sam- 
ple, g. 

'      -   corrected    lemper.ilure    rise,    as   calcu- 
lated in  8.1  or  S.2. 

correction  for  heai  of  formalion  of  ni- 
tric acid,  cal  (J)  and 

'i    -    correction   for   hc.it    of  coinbusiion   of 
firing  wire,  cal  (J) 
'•  1.1   .Standardization    icsls    should    be    re- 

'vaied  after  changing  an\  part  of  the  calorim- 

'"tr  and  occasionally  as  a  check  on  both  calo- 


rimeter and  operating  technique. 

6.2  Checking  the  Calorimeter  for  Use  ynth 
Volatile  Fuels — Use  National  Bureau  of 
Standards  standard  sample  No.  217b  (5.5) 
to  determine  whether  the  results  obtained 
agree  with  the  certified  value  (20.545  Btu/lb 
(47.788  .\lJ/kg).  weight  :n  air)  within  the 
repeatability  of  the  method.  If  results  do  not 
come  within  this  range,  the  method  of  han- 
dling the  sample  may  have  to  be  changed 
(Appendix  Al,  .>\1.8).  If  this  is  not  possible 
or  does  not  correct  the  error,  run  a  series  of 
tests  using  standard  sample  No.  217b  to  es- 
tablish the  energy  equivalent  for  use  with  vol- 
atile fuels. 

7,  Procedure 

7.1  H'eight  of  Sample — Control  the  weight 
of  sample  (including  any  auxiliary  fuel)  so 
that  the  temperature  rise  produced  by  its 
combustion  will  be  equal  to  that  of  0.9  to  l.l 
g  of  benzoic  acid  (Note  3).  Weigh  the  sample 
to  the  nearest  0.1  mg. 

Note  3 — If  the  approximate  heat  of  combustion 
of  the  sample  is  known,  the  required  weight  can  be 
''«'imated  as  foll'jwi; 

g  =  11.373//., 

where: 

g    =    weight  of  sample,  g.  and 

A,  =    approximate  heal  of  combustion  of  sample, 

Blu/lb. 
l)r 

g  =  26.454//I, 

where  /i,  is  in  MJ/kg 

7.2  Water  in  Bomb— Add  1.0  ml  of  water 
to  the  bomb  from  a  pipet. 

7.3  Oxygen — With  the  test  sample  and  fuse 
in  place,  charge  the  bomb  with  oxygen  to  30 
atm  (3.0  MN/m')  gage  pressure  at  room 
temperature  (Note  4).  Do  not  purge  the 
bomb  to  remove  entrapped  air.  Caution — Be 
careful  not  to  overcharge  the  bomb.  if.  by 
accident,  the  oxygen  introduced  into  the  bomb 
should  exceed  40  atm  (4.0  MN/nr).  do  not 
proceed  with  the  combustion.  An  explosion 
might  occur  with  possible  violent  rupture  of 
the  bomb.  Detach  the  filline  connection  and 
exhaust  the  bomb  in  the  usual  manner.  Dis- 
card the  sample,  unless  it  h.is  losi  no  weight. 


'  (^hl.iin.iMi.-  Imiii  the  S.ii  Huii.iu  Si.mJ.inK.  \\,iNhMie. 
ton.  I)   C    riV4.  .1%  >tjnd.ird  >anirlc  So    Wi 

'  Ohl.iin.ihle  I'lifti  the  N.il  Hurc.iu  Sl.ind.irdx.  \Nj\h- 
inj:li>n  t)   C    20^*4.  as  >|jndarij  sample  No   2176. 
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as  sho\sn  b\  rc\^ciching. 

Ni'i!  4  —  I  >)\HT  i>r  hiL'hcr  iniu.il  n\\i;cn  pre-- 
sur^;^  iii.iv  I'c  ii^cil  wiihin  ihc  r.inrc  Iriim  2^  in  .V'' 
aim  (2  ."^  to  .'  >  \1N  ni-|.  pr.nnlcii  chc  s;imc  IUl.•^- 
surc  is  used  I'T  .ill  tcslN.  iiKliHlini:  >i.iiul.irili/.iiu>ii 

7.4  Caloriniclcr  H'tiWr — AdjiiNt  ihc  c;ilo- 
rimclcr  walcr  icnipcraiurc  before  weluhint:  as 
follows: 


iMilhcrnul  jjckcl  niclhod 


AdiabaticJuckL't  inclhud 
(7.6) 


.'  0  lo  .V>  I-  (I  (.  to  ;  0  Cl  bc- 
lovk  jacket  tcmpcrjiurc 
(Nolc5». 

2.0  10  2.5  K  (1.0  to  1.4  C)  be- 
low room  temperature. 


NoTi-  5 — This  initiul  adjustment  will  ensure  a 
fmal  temperature  slightly  abo^e  that  of  the  laeket 
for  calorimeters  hasinc  an  enere\  equivalent  of 
approximately  2450  caf/deg  C  (lo7200  J/K).  Some 
operators  prefer  a  lower  initial  temperature  so  that 
the  final  temperature  is  slightly  below  that  of  the 
jacket.  This  procedure  is  acceptable,  provided  it  is 
used  in  all  tests,  including  stand. irdi/ation. 

7.4.1  Use  ihc  same  amount  (±0.5  g)  of 
distilled  or  deionizcd  water  in  the  calorimeter 
vessel  for  each  test.  The  amount  of  water 
(2000  c  is  usual)  can  he  most  satisfactorily 
determined  by  weighing  the  calorimeter  vessel 
and  water  together  on  a  balance.  The  water 
may  be  measured  volumeirically  if  it  is  meas- 
ured always  at  the  same  temperature. 

7.5  Observations,  Isothermal  Jacket 
Method — .Assemble  the  calorimeter  in  the 
jacket  and  start  the  stirrer.  Allow  5  min  for 
attainment  of  equilibrium:  then  record  the 
calorimeter  temperatures  (Note  6)  at  1-min 
internals  for  5  min.  Fire  the  charge  at  the 
start  of  the  si.xth  minute  and  record  the  time 
and  temperature,  to  ■  Add  to  this  temperature 
60  percent  of  the  expected  temperature  rise, 
and  record  the  liine  at  which  the  60  percent 
point  is  reached  (Note  7).  After  the  rapid  rise 
period  (about  4  to  5  min),  record  tempera- 
tures at  l-min  intervals  on  the  minute  until 
the  difference  between  successive  readings  has 
been  constant  for  5  min. 

NoTi;  6 — Use  a  mapnifier  and  cstim.itc  ail  read- 
incs  (except  those  durinc  the  rapid  rise  period)  to 
the  ncirest  0  0(IS  j-  or  ()()02  C  when  using  ASTM 
Homn  C'.ilonmeier  1  hermomelers  561"  or  .^dC.  Esti- 
mate Ueckmann  thermometer  readings  to  the 
ne.iresi  OtKJI  (_"  and  2Sl2  resistance  thermometer 
readings  to  the  nearest  0()(X)1  W.  Tap  mercurial 
Ihermometeri  with  a  pencil  just  hefiire  readme  to 
avoid  errors  c.iused  b>  mercury  slicking  to  the  walls 
of  the  i.ap.llarv 

N')ll  7 — \N  hen  the  approxim.ite  expected  rise  is 
unknown,  the  lime  .it  which  the  lemperaiure 
re.iches  (i()  percent  of  the  i.Ual  can  be  determined 
hv  recordiiie  temperatures  .ii  45.  (.().  75.  90.  and 
\0>  s  alter  firing  and  interpolating. 


7.6  Observations.  Adiabalic  Jacket  SIcth'  .: 
{.\(>le  S) — Assemble  the  calorimeter  m  t'-,- 
jacke!  and  start  the  stirrers.  Adjust  the  lavkc; 
temperature  lo  be  equal  to  or  slightly  l.iwf 
ih.in  the  calorimeter,  and  run  lor  5  mm  ■ 
(ibiain  equilibrium.  .Adjust  the  jacket  temper 
aiure  lo  match  the  calorimeter  within  :(Mi; 
I"  (0.01  C)  and  hold  for  3  min.  Record  the 
initial  temperature  (Note  6)  and  fire  iht 
charge.  .Adjust  the  jacket  temperature  t.« 
match  that  of  the  calorimeter  during  the  pe- 
riod of  rise,  keeping  the  two  temperatures  a\ 
nearly  equal  as  possible  during  the  rapid  rise, 
and  adjusting  lo  within  i0.02  F  (O.Ol  C  i 
when  approaching  the  final  equilibrium  teivi- 
pcrature.  Take  calorimeter  readings  at  1-min 
intervals  until  the  same,  temperature  is  ob- 
served in  three  successive  readings.  Record 
this  as  the  final  temperature.  Time  intervals 
are  not  recorded  as  they  are  not  critical  in  the 
adiabatic  method. 

NOTF  8 — These  instructions  supersede  the  in- 
structions given  in  7.5  when  using  jackets  equippei! 
for  adiabatic  temperature  control. 

7.7  Analysis  of  Bomb  Contents — Remove 
iiie  Lionib  afid  release  the  prtssure  at  a  uni- 
form rate  such  that  the  operation  will  require 
not  less  than  1  min.  Examine  the  bomb  inte- 
rior for  evidence  of  incomplete  combustion 
Discard  the  test  if  unburned  sample  or  sooiv 
deposits  are  found. 

7.7.1  Wash  the  interior  of  the  bomb,  in- 
cluding ihe  electrodes  and  sample  holder,  with 
a  fine  jel  of  water  and  quanlatively  collect  the 
washings  in  a  beaker.  Use  a  minimum  of 
wash  water,  preferably  less  than  350  ml.  Ti- 
trate the  washings  with  standard  alkali  solu- 
tion, using  methyl  orange  or  methyl  red  indi- 
cator. 

7.7.2  Remove  and  measure  the  combined 
pieces  of  unburned   firing   wire,  and  subtract 

■  from   the  original   length.   Record  the  differ- 
ence as  "wire  consumed." 

7.7.3  Determine  the  sulfur  content  of  the 
sample  if  it  exceeds  0.1  percent.  Determine 
sulfur  by  analyzing  the  bomb  washings  re- 
m.iming  after  the  acid  titration,  using  the  pro- 
cedure described  in  ASTM  Method  D  M"*- 
Test  for  Sulfur  in  Pelroleuin  Products  by  thf 
Bomb  Method.' 


Annual  H,u>k  ul  ASTU  SljnJarJ\.  Pjrl  23. 


S.  Calculations 

5.1  Temperature  Rise  in  J 
CaUirinieier — Using  data 
scribcd  in  7.5.  compute  the  te- 
rn an  Isothermal  jacket  calor- 

r  =  /,-/,  -  /-,(/>  -  fl) 

where: 

/     =    corrected  temperature  - 

a    -    lime  of  firing. 

b    -    time    (to    nearest   0.1 
leinperalure  rise  reache 
total, 

c  =  lime  at  beginning  of  per 
rate  of  temperature  ch 
has  become  constant  (af: 

la  =  temperature  at  time  of 
for  thermometer  error  t 

ff  =  temperature  at  time.  ^ 
thermometer  error  (No: 

/•,  =  rate  (temperature  units 
which  temperature  was 
min  period  before  firing 

r\  =    rate   (lemperaiure  uniti 
which  irir.perature  w3<: 
5-min  period  after  time 
ature  is  falling,  r,  is   r 
quantity  -  /■,  (f  -  b)  is  p 

Note   9— All    mcrcur\-in-eL 
must  he  corrected  for  scale  err'" 
the  thermometer  ccrtincate  prcs^. 
Al.  Al  5.1  or  A1.5  2.  Beckmann 
require  a  setting  correction  and 
correction    (.Vppendix    A2,    A2 
ASTM  Thermometers  56F  and  : 
emergent    stem    corrections    if  ,: 
standardization,  are  performed  w 
I-  (5  5  C  1  interval.  If  operating  te 
this  limit,  a  differential  emerge: 
(Appendix  ,\2.  .A2.I.I)  must  be 
reeled   lemperaiure    rise.   /,   in    .. 
standardization. 

8.2  Temperature  Rise  in  . 
Calorimeter — Using  data  o 
scribed  in  7.6.  compute  the  t 
/.  in  an  adi.ibatic  jacket  cai 
lows: 


where: 

/     =   corrected  temperature  r 

fo    =    temperature  when  charg 

reeled  for  thermometer 

and 
/,    -    final  equilibrium  lempc 

for  ihcrmometer  error  i 
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|.  Adiahatic  Jacket  Method 
Tible  the  calorimeter  in  the 
i^  stirrers.  Adjust  the  jacket 
•lequal  to  or  slightly  lovver 
--r,  and  run  for  5  niin  lo 
n.  Adjust  the  jacket  tcmpcr- 
:TJ  calorimeter  within   ±0.02 

|ld  for  3  min.  Record  the 
re  (Note  6)  and  fire  the 
^  jacket  temperature  to 
:  Jalorimeter  during  the  pc- 
..*  the  two  temperatures  as 
>ssible  during  the  rapid  nsc. 

Iithin  ±0.02  F  (O.Ol  C) 
...le  final  equilibrium  tcm- 
.orimeter  readings  at  l-min 

tame  temperature  is  ob- 
essive  readings.  Record 
-mperature.  Time  intervals 
^  'hey  are  not  critical  in  the 

...ructions  supersede  ihc  in- 
'  when  using  jdcRcis  equipped 
^e  control. 

itmb   Contents— R,tmo\c 

-sc  the  pressure  at  a  uni- 

;J»c  operation  will  require 

|:xamine  the  bomb  inie- 

mcomplcte  combustion. 

-nburncd  sample  or  sooty 


iSIf' 


I 


rior  of  the   bomb,   in- 
-  and  sample  holder,  with 

Iquantativcly  collect  the 
-  Use  a  minimum  of 
■ly  less  than  350  ml.  Ti- 
^  standard  alkali  solu- 
figc  or  methyl  red  indi- 

nieasurc  the  combined 
#ng  wire,  and  subtract 
|th.    Record   the  differ- 

1  sulfur  content   oi  ihc 
I    percent.    Determine 
-•   bomb   wavhings   re- 
:tration.  using  the  pro- 
|r\I    .Method    I)    i:'>. 
ileum  Products  h\   the 
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8.  Calculations 

8.1    Temperature  Rise  in  IsothermalJacket 
Calorimeter-Using   data   obtained   as  pre- 
scnbed  in  7.5,  compute  the  temperature  ri.se   t 
in  an  isothermal  jacket  calorimeter  as  follows: 
'  =  'r  -  'o  -  r,(b  -  a)  -  r,(f  -  b)  (j) 

where: 

'     =    corrected  temperature  ri.se, 
a    =   time  of  firing, 
b    =   time    (to    nearest    0.1    min)    when    the 

temperature   rise   reaches  60  percent  of 

total. 

c  =  time  at  beginning  of  period  in  which  the 
rale  of  temperature  change  with  time 
has  become  constant  (after  combustion) 

ta  =  temperature  at  time  of  firing,  corrected 
for  thermometer  error  (Note  9), 

ic  =  temperature  at  time,  c,  corrected  for 
thermometer  error  (Note  9), 

ri  =  rate  (temperature  un>»«  per  rr.ir.utc)  ai 
which  temperature  was  rising  during  5- 
min  period  before  firing,  and 

r,  =  rale  (temperature  units  per  minute)  at 
which  temperature  was  rising  during  the 
5-min  period  after  time  c.  If  the  temVr- 
ature  is  falling,  r^  is  negative  and  the 
quantity  -  r,  (c  -  b)  is  poiiiive. 

m,.u"h!'  .!~'^"  ";*--rcury-in-plass  thermometers 
mus  be  corrected  for  >cale  error,  usmj;  data  from 
Ihe  thermometer  certificate  pre.urihed  m  Appendix 
AI.  Al.5.1  or  Al.5.2.  Heckmann  ihermomete^sZ 
raiuire  a  settine  correction  and  an  emeruent  stem 
XsTnTtH  '•^'^f^-'^-.:.--  A2.I.2).  .Solid-ste^ 
ASIM  Thermometers  y.|  and  .sf.C  do  not  require 
u  .er«nt  stem  corrections  if  all  leM..  including 
M.ndard./,uion,  are  perlurmed  uith.n  the  same  U) 
M.V>  L  )  interval.  11  oper.itme  temperatures  exceed 

npp.mlu  AJ,  A2.I.I)  must  be  applied  to  the  cor- 
r  Ud  temperature  rise,  /.  in  all  ..ests.  includin.' 
Maniiardi/ation.  "umj. 

8.2    Temperature  Rise  in  Adiahatic  Jacket 
(.a,or,mcter-\J^\n^   data    obtained    as   pre- 
^crlbed  m  7.6.  compute  the  temperature  rise 
'•  in   an   adiabalic  jacket   calorimeter  as   fol- 
li<ws: 

1-1,-1,  (2) 

where; 

'     -    corrected  temperature  rise, 

'.  -  t«--"Mvrature  when  charge  was  fired,  cor- 
rected for  Iherinomeler  error  (Note  0) 
and 

'/  =  final  equilibrium  temperature,  corrected 
for  Ihermoineler  error  (Note  9). 
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8.3   Thermochemical    Corrections    {Appen- 
dix)—Compu\c  the  following  for  each  test: 
e,   =   correction   for  heat  of  formation  of  ni- 
tric acid  (HNO,).  cal  ( 1  cal  =  4. 1 868  J). 
=    milliliters  standard  alkali  solution  used' 
in  acid  titration, 
f  2  =   correction  for  heat  of  formation  of  sul- 
furic acid  (H^SOJ,  cal  (I  cal  =  4.1868 
J  j. 
=    14   X  percentage  of  sulfur  in  sample  x 
weight  of  sample,  g, 
e^  =   correction    for    heat    of  combustion    of 
finng  wire,  cal  (I  cal  =  4.1868  J), 
=   0.27    X    millimeters   of  iron   wire  con- 
sumed. 

=   0.23   X   millimeters  of  Chromel  C  wire 

consumed. 
8.4   Gross  Heat  of  Combustion-Compulc 
the  gross  heat  of  combustion  by  substituting 
in  the  following  equntion: 

H,  =  (i^-e,-e,-e,)/g  (3) 

where: 

^i    =   gross    heat    of  combustion,    cal/g    (1 
cal/g  =  4.1868  J/g). 

'       =    corrected    lempcralure    rise    as    calcu- 
lated in  8.1  or  8.2, 

energy  equivalent  of  calorimeter 
cal/deg  F  or  C  (I  cal/deg  F  =  2  3'>6 
-f/deg  C.  1  cal/deg  C  =  4.1868  J/dcg 
C)  (Section  6),  ^ 

^2.  e,   =    corrections  as  prescribed  in  S.3 
and 

=    weight  of  sample,  g. 


H'    = 


^. 
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9.  Reporting  Results 

9  I  I'sually  the  gross  heat  of  combustion, 
//,  .  m  Riu  per  pound  (obtained  bv  multi- 
pl.Mng  //,  by  1.8)  should  be  reported' for  fuel 
oils  m  prekrencc  to  net  heat  of  combustion 
because  of  the  difficulty  in  accnratcK  deler- 
niining  the  h>drogen  content  of  the  samples 

9.2  If  the  percentage  of  hsdroeen,  //,  m  the 
sample  is  known,  the  net  heat  of  combustion 
may  be  calculated  as  follow s; 

H-    '    IH//.       'JIM    .   //  (4, 

where: 

'/,    -    net    heal    of  combustion.    Btu/lb    11 
Btu/lb  2.326  kJ/kg). 
gross    heat    of   combustion,    c.il/p    (| 
cal/g   .    4  IS6S  kJ/kg).  and 
-    hvdrogen  in  the  sample,  percent 
9.3   If  the  percentage  of  h>drogen  in  avij- 
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tion  casolinc  and  turbine  fuel  samples  is  not 
knoxvn.  the  ncl  heal  of  combustion  may  be 
calculated  as  follows:* 

H„  -  4310  ^  i0.719M(l  8)(//,)  (5) 

//     =    net   heat    of   combustion.    Btu/lb    (1 

Biu/lb  =  2.3:()kJ/kg).  and 
H,    =    [iross    heat    of   combustion,    cal/g    (1 

cal/g  =  4.1S6S  kJ/kg). 

10.  Precision' 

10  1  The  following  criteria  should  be  used 
forjudging  the  acceptability  of  results  (95  per- 
cent confidence): 

10  1  1  i?cpfa/ufc/7/'y  — Duplicate  results  by 
the  same  operator  should  be  considered  suspect 
if  ihey  differ  by  more  than  the  following 
amount: 

55  Dlu/lb  (130  kJ/kp) 
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10  1.2  /^t'/jroc/uf/Tx/in  — Results  submitted 
bv  two  or  more  laboratories  should  be  consid- 
ered suspect  if  they  differ  by  more  than  the 
following  amount: 

RcproJuob.lUy  ,75  B.u,  lb  (400  U  ,A,. 


Repcatabiliiy 


hsdr  .^.n  »  nol  Wno«n  ll  .^  l-.i-cJ  on  l.g  ■>  and  .m  cmpr- 
fc  ,1  d  ...on  bcv^cen  //  and  ihc  r^rccnlac.  ot  hNdro.cn  ,n 
aM...  n  .a-l,no^  and  l.rbmc  fucU.  dcvcU-pcd  ro.r.  d..a 
bxR  S.JC...P  and  C  S  t  ra,o..  ■■'-<^}''^^f^^^^ 
fon    of     \N  t--:»     AMalion    (.av.-lincs.        Nal      AdMvorv 

194>  andJo^c^h  \  Copl.ano  and  Ralph  S  Jc^sup  ReU- 
,on  ikM^ccn  Ncl  Heal  of  Combu.l.on  and  An.hnc-OraMU 

Produa    of    Aircrali    KucK.-    Nat.    Bureau   of   blandar.K 

Rt-norl  2}-i!t.  March.  1953. 

'^Th.    ^u.mnar^    of  coopcral.vc   icM   data    from    ^hich 

,hc>e   rcpc.uab.l.U    and   rcproduc.bd.U   values  ^crecalcu- 

Ulcd  «js  publi-hcd  for  information  as  Appcndu  Ml  lo  the 
19S7  Koport  of  Committee  0-2  on  Petroleum  Products  ana 
Lubricants  The  summarv  of  test  data  *^.  -f;:^ ^\^^^^\'^. 
from  1958  to  19^6.  mcluM.e.  as  Appendix  "'  '^  '\^^^' 
Method  D  :-10.  The  dala  are  no«  filed  al  ASTM  lUaJ- 
quaners  as  Research  Report  No.  RR  .'S:  D-2. 


APPENDIXES 


Al.  APPARATUS 


A I  1  Teu  /?oom— The  room  in  >Ahich  the  calo- 
rimeter IS  operated  must  he  free  from  drafts  and 
not  subiecl  lo  sudden  icmpcraiure  chances.  1  he  di- 
rect r:.vs  of  ihe  sun  shall  noi  strike  the  jacket  or 
thermomeicrs.  Adequate  facilities  for  'lejun^^-^heat- 
;,.„  ..~A  ..„ni.|  Min"  <h.i11  he  provided.  Thermosialtc 
com rVfof' room  temperature,  and  conlrollcd  rela- 
tive humidit)  arc  desirable. 

Al  ■>  Oxveen  Bc^mfc— The  oxygen  bomb  shall 
have  a'n  imernal  volume  of  350  .  50  ml.  All  parts 
shall  he  constructed  of  materials  which  are  not  al- 
fcctcd  bv  the  combustion  process  or  products  sulli- 
cientK  I'o  introduce  measurable  heal  input  or  aliera- 
l.on  of  end  products.  If  the  bomb  is  lined  with  plat- 
inum or  j:old.  all  openings  shall  be  sealed  to  pre  en, 
combustion  products  from  reaching  the  b.isc  metal. 
The  bomb  must  be  desitmed  so  that  all  liquid  com- 
buslion  products  can  be  completely  recovered  by 
v^ashing  the  inner  surf.ices.  There  musi  be  no  gas 
kakace  during  a  lest.  The  bomb  must  be  ^-•^'P"^'  ^  of 
vMlhsi'anding  a  hvdrosiatic  pressure  lest  »"  3JX'" 
psig  (^0  MN/mM  at  room  tempera' urc  without 
slressine  anv  part  beyond  its  clastic  limil 

Al  3"  Ca/or/mf/cr— The  calorimeter  (Note  Al) 
vessel  shall  be  made  of  metal  (preferabh  copper  or 
brass)  v.ith  a  larnish-resisianl  coating,  and  uiih  all 
outer  surfaces  hii-hlv  polished  Its  s./e  sha  1  be  such 
thai  the  bomb  «ill  be  complelcU  immersed  in  ^Kater 
v^hcn  the  calorimeter  is  assembled,  ll  shall  have  a 
device  for  stirrinu  the  vsater  thoruughlv  and  at  a 
uniform  rate,  but  NMth  minimum  heal  input  Con- 
tinuous siirrin.:  for  10  min  shall  not  raise  the  ealo_ 
r.meter  temperature  more  than  0  01  C  starling  with 
Identical  lemoeraiures  in  the  calor.meur.  room 
and  lackel.  The  immersed  portion  of  the  slirre 
shall  be  coupled  to  the  outside  through  a  malerial 


of  low  heal  conductivity. 

Note  M— As  used  in  this  method,  the  term 
• 'calorimeter- •  desicnaies  the  bomb,  the  ves.sel  with 
stirrer,   and   the   water  in   which   the  bomb  is  im- 

"^Tha  Jacket— l\\c  calorimeter  shall  be  conv 
nletelv  encioseo  within  a  siirctJ  *aiwr  jacket  z?.. 
supported  so  that  us  sides,  lop.  and  bottom  ar.e 
approximaleh  10  mm  from  the  jacket  walls^  The 
lacke;  mav  be  arranged  so  as  to  remain  at  subsian- 
liallv  constant  temperature,  or  with  provision  lor 
rapidlv  adiustinc  the  jacket  temperature  to  equ.il 
that  of  the  caloVimeter  for  adiabaiic  operation.  It 
must  be  constructed  so  thai  any  water  evaporating 
from  the  jacket  will  not  condense  on  the  calonm- 

''^\14  1  A  double-walled  jacket  wiih  a  dead-air 
insulation  space  may  be  substituted  for  the  con- 
stant-temperature water  jacket  if  ihe  calorimeter  is 
operated  in  a  constanl-temperaturc  (*-  h)  (  tl  >-  » 
room  The  same  ambient  conditions  must  be  main- 
tained  for   all  expeninenls.  including   siandardi/a- 

Al  ^  7'/i<'/'"io"i<''<'«— Temperatures  in  the  calo- 
rimeter and  lacket  shall  be  measured  with  the  lol- 
lowing  thermometers  or  combinations  ihereof: 

A I  5.1  Etched  Stem.  Sfercurvin-Glass.  /»i/" 
Bomb  Calorimeter  Thermometer  having  a  range 
from  66  to  95  For  1^  to  35  C  IS.9  to  25.1  C. -' 
"'3  9  to  HI  I  C.  as  spccilied.  and  conlorming  to  ii«<- 
requirement  for  Thermometer  56l .  ><'V;  '  L''^  ;  I'/ 
117C.  respectivelv.  as  prescribed  in  ASTM  Spe.H 
canon  h  1   for  Thermometers.'  I  ach  of  ihese  thcr- 
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momeicrs  shall  have  been   icsi 
intervals  no  larger  than  2  5  F  ■ 
lire  eraduated  sc.ile.  Correetio 
to  0;(X)5   F  or  O.W)2  C.  respec 
point. 

A  1. 5. 2   Reckmann    Dillerer 
range  6  C  reading  upward  as  sr 
It)'.:  10  the  requirement!,  for  T 
prescribed  in  Specil'icatu^n  F 
ii-.omeiers  shall  be  tested  for 
no  larger  than  I  C  »wer  the  . 
and  corrections  reported  to 

point 

\1  5.3  Citlonmetru    l\pe 
I  ht-rmnmeier.  2.'-l!. 

\\  i>   Thermitmeter  Acccsfi 

required  for  reading  mercury-. 

1,)  one  tenth  of  the  smallest  sc 

have  a  lens  and  holder  desicni. 

dace  significant  errors  due  to  r 

\1  6  1    \   Wheaistone  brid. 

c.ipable   of  measuring    resisiar 

necessarv  for  use  with  resislan^ 

.M.7   Timirtg  Device— \  * 

device  capable  of  measuring  t. 

I.ir  use  with  the  isothermal  jac. 

Al  S  Sample  HoUerSor, 

he  burned  in  an  open  crucible 

redK  quartz  or  acceptable  ba 

metal  allov  crucibles  arc  accc 

preliminars  ririncs  the  weight 

nificanilv  between  tests. 

Al.S.i    Volatile  samples  sh 


\2.1   Thermometer  Correctior 

A2.1.1  The  differential  cnr.c 
for  solid  stem  calonmeiric  th 
5(>C)  mav  be  computed  from 

Differential  stem  correction 

where: 

K   =   differential  expansion  . 

in  class  =   0.00016  for 

or  0  00009  for  Fahrcnh. 

L    '    scale  reading  to  whicn 

immersed. 
T  =  mean  temperature  of  c! 
t,  .  initial  temperature  rcac 
I,  =  final  lemperaiure  readi: 
A2.1.2  Differential  cmcrc 
a  Beckmann  thermometer  ir 
the  scale  may  be  computed  as 

Oillerenlial  stem  correction 
-  A:((, 

where: 

.V   .    the  ••setting"  (tcmpcrai 

ihe  thermometer. 
k.  r.J,.  and /.as  defined  in  ^ 
\2  1  3    ■Setting""    correct 
th.rmometer  may  be  eompui 

■■Setting""  correction  • 


■ .— ;— Tjt.-;ve  jmi''*'""'^'^ 
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Standard  Method  of  Test  for 

HEAT  OF  COMBUSTION   OF   HYDROCARBON 
FUELS   BY  BOMB   CALORIMETER   (HIGH- 
PRECISION   METHOD)' 

year  of  last  rcapproval. 


1.  Scope 

1.1  This  method  covers  the  determination 
of  the  heat  of  combustion  of  hydrocarbon 
fuels.  It  IS  designed  specificaliy  for  use  with 
aviation  turbine  fuels  when  the  permissible 
difference  between  duplicate  determinations  is 
ofthe  order  of  0.1  percent  (Note  I).  It  can  be 
used  for  a  wide  range  of  volatile  and  nonvola- 
tile '  materials  where  slightly  greater  differ- 
ences in  precision  can  uc  lulciaied. 

Note  1— In  order  to  aiiain  this  accuracy,  strict 
adherence  to  all  details  of  ihe  procedure  is  essential 
since  ihc  error  coninbuied  b>  each  individual  meas- 
urement that  affects  the  accuracy  must  be  Wept 
below  0.02  percent,  insofar  as  possible. 

2.  Summary  of  Method 

2.1  The  heat  of  combustion  is  determined 
by  burning  a  weighed  sample  in  an  oxygen- 
bomb  calorimeter  under  controlled  conditions. 
The  temperature  is  measured  by  means  of  a 
platinum  resistance  thermometer.  The  heat  of 
combustion    is    calculated    from    temperature 
observations   before,   during,  and   after  com- 
bustion,  with   proper   allov^ance    for  thermo- 
chcmical  and  heat-transfer  corrections.  Either 
isothermal  or  adiabatic  calorimeters  may  be 
used. 
3.  Units  and  Dcnnitions 

3.1  The  cnere>    units   used   in  this   method 
are  defined  as  follov^s: 

/    col    (International    Table    calorie)     = 

4.IS(>><  ahsolute  jouIcn. 
/   Bill  (British  thermal  unit)    -    251.')'K)  cal 

-  1055.06  absolute  joules. 
/  cal/g  ■■■■  1.8  Btu/lb. 


3.2  Gross  Heat  of  Conibuslion,  expressed 
as  calories  per  gram  or  British  thermal  units 
per  pound.  The  gross  heat  of  combustion  at 
constant  volume  of  a  liquid  or  solid  fuel  ccn- 
laininc  onlv  the  elements  carbon,  hydrogen, 
oxygen,  nitrogen,  and  sulfur  is  the  quantity  of 
heat  liberated  when  a  unit  weight  of  the  fuel  is 
burned  in  oxygen  in  an  enclosure  of  constant 
volume,    the    products   of  combustion    being 
gaseous  carbon  dioxide,  nitrogen,  sulfur  diox- 
ide, and  liquid  water,  with  the  initial  tempera- 
ture of  the  fuel  and  the  oxygen  and  the  final 
temperature  of  the  products  at  25  C.  Gross 
heat    of  combustion^    is    represented    by   the 

symbol  Qg  , 

3.3  >lel  Heat  of  Combustion,  expressed  as 
calorics  per  gram  or  British  thermal  units  per 


'This  melhod  is  under  ihe  jurisdiction  of  ASTM  Coin- 
mitlec  D-:  on  Petroleum  Products  and  I  ubncanls 

Eflecuve  .Vui;.  .M.  1965 

'  tjsers  of  thl^  method  deMrine  to  calculate  .i//  . ...  '•>' 
a  pure  compound  should  note  that  eorreclionx  muM  he  ap- 
plied to  the  value  of  Q,  lor  buov.mcv  of  air.  heat  capacilie!. 
of  reaelion  components.  redueUv.n  to  a  eonsl..ni-presMirc 
process,  and  deviations  of  the  rcaeuon  Ironi  ihe  theniuHlx- 
-  -c  standard  stale  See.  for  example  Prosen.  L  J  .  «-x- 
••   ■"    l>.  Rossini,  editor.  In- 


nuHlvnimie    Propert.e ,V''7-''':"'p       ,lf     C 

Compounds.-'  Carneeie  Press.  I 'tis  ^...•h    Pa  .    ••>'    Lu- 

coinpil. n>  «^'^-  P'-^^P'^^''  •^^  '     ''    »*"^^''"„'-'  •"/'.Tin 

of  \mer.ean  PelroUum  Insi.lule  Research  Pro-evl  44  n 
jnv  comparison  ol  measure-neiUs  on  pure  comis.unds  «>ih 
those  cued  m  these  .oi,ip.l..i.ons.  the  user  ol  this  -.clh.-d 
vhould  reali/e  thai  imrunues  ol  v.irious  kinds,  ir.vludiiiv 
v>,ter  and  loreien  hvdro..,ihons  tiuv  sause  s,enil>sant  el- 
feels  on  the  values  obtained  lor  particular  s.imples  ol  n-.ilc- 
rial 
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pound.  The  net  heat  of  combuslion  at  con- 
stant pressure  of  a  liquid  or  a  solid  fuel  con- 
taininu  on!\  ihe  elements  carbon,  hydrucen. 
ovvperi.  nitri>j;en.  and  >uirur  is  tiie  quantit>  of 
heal  liber.ited  v.hen  a  unit  weiuht  of  the  fuel  is 
hurned  in  o\%i:en  at  a  constant  pressure  of  1 
aim.  the  products  of  combustion  bemu  carbon 
liiovide.  nitroiien.  sulfur  dioxiiie.  and  \\aier. 
all  in  the  i;a->eous  stale.  \Mth  the  initial  tem- 
perature of  the  fuel  and  the  owgcn  and  the 
final  temperature  of  the  products  of  combus- 
tion at  25  C.  The  net  heat  of  combustion'  is 
represented  h\  the  symbol  Q„  and  is  related 
to  the  gross  heat  of  combustion  by  the  fol- 
lowing equation: 

0,  (net.  25  C)  =  Q,  (gross.  25  C)  -  91.23  x  H 

where: 

Qn  (net,  25  C)   =   net  heal  of  combustion  at 

constant  pressure.  Btu/lb. 
Qf  (gross,  25  C)  =  cross  heat  of  combustion 

at  constant  volume,  Btu/Ib. 
H   =    weight    percent    by    hydrogen    in    the 

sample. 

3.4  Energy  Equivalent  (Effective  Heat 
Capacity  or  Water  Equivalent) — The  energy 
equivalent  of  the  calorimeter  expressed  as 
calories  per  ohm  is  the  energy  required  to 
raise  the  lemocraturc  of  the  ralnriine'er  I    Q 

NOTH  2 — The  conversion  of  resistance  in  ohms  lo 
temperature  in  degrees  Celsius  is  not  strictly  a 
strjight  line  function,  but  if  ihe  mean  temperature 
of  the  experiment  is  kept  within  reasonable  limits 
(the  mean  vjlue  of  the  initul  and  final  resistance 
within  0.1  f2  of  a  previousK  established  value),  no 
significant  error  is  introduced.' 

3.5  Temperatures  are  measured  in  ohms 
(see  Note  2). 

3.6  Time  is  expressed  in  minutes  and  dec- 
imal fractions  thereof.  It  may  be  measured  in 
minutes'or  seconds,  or  both. 

3.7  Heights  are  measured  in  prams. 

4.  Apparatus 

4.1  Test  Room,  Bomb.  Calorimeter. 
Jacket.  Thermometers,  and  Accessories,  as 
described  in  .Appendix  Ai. 

4.2  Seminticro  Analviical  Balance,  h.iving 
a  sensitivitv  of  0.01  mp  as  specified  in  9. 5. 1.' 

4.3  Heavy-Duiy  Analytical  Balance,  having 
a  sensitivity  of  0.05  g  as  specified  in  9.7.2. 

Nort  .■* — The  resistance  thermometer  used  in 
this  meihi)d  is  ol  the  four-terminal  t\pc  h.mne  both 
current  .iiitl  pinenii.il  leads  .mil  is  m.ide  for  use  uiih 
a  coinmulatur.  In  bomb  ealonnietric  measurements 


where    onK    a    small    lemperature    ranee    is    to    be 
measured,  it  is  pernussiblc  to  omit  the  commutator 

5.  }<ca};ents  and  .Materials 

5.1  Purity  of  Reagents — Reagent  grade 
chemicals  shall  be  used  in  all  tests.  Unless 
otherwise  indicated,  it  is  intended  that  all  re- 
agents shall  conform  to  the  speciUcations  of 
the  Committee  on  Analytical  Reagents  of  the 
American  Chemical  Society,  where  such  spec- 
ifications are  available.'  Other  grades  may  be 
used,  provided  it  is  first  ascertained  that  the 
reagent  is  of  sufficiently  high  purity  to  permit 
its  use  without  lessening  the  accuracy  of  the 
determination. 

5.2  Purity  of  il'aier — Unless  otherwise  in- 
dicated, references  to  water  shall  be  under- 
stood lo  mean  reagent  water  conforming  to 
ASTM  Specification  D  I  193.  for  Reagent 
Water.' 

5.3  Benzoic  Acid^~Thc  acid  must  be  pel- 
leted before  use. 

5.4  Firing  Wire—Ko.  36  gage  (0.127-mm) 
platinum  wire,  cut  in  100-mm  lengths. 

5.5  Methyl  Red  Indicator. 

5.6  Oxygen — Commercial  oxygen  produced 
from  liquid  air  can  be  used  without  purifica- 
tion. Oxygen  prepared  by  electrolysis  of  water 
cannot  be  used  without  purification  as  it  may 
contain  some  hydrogen.  Combustible  impuri- 
ties may  be  removed  by  passage  over  copper 
oxide  at  500  C. 

5.7  Pressure-Sensitive  Tape — Cellophane 
tape  1  '/2  in.  (38.1  mm)  wide.' 

5.8  Sodium  Hydroxide  Solution  (0.0725  i\) 
—  Dissolve  2.9  g  of  sodium  hydroxide  (NaOH) 
in  water  and  dilute  to  1  liter.  Standardize  with 
potassium  acid  phthalate  and  adjust  to  0.0725 
A'  as  described  in  Methods  E  200. 

6.  Calibration  Apparatus 

6.1  Calibration  of  Resistance  Bridge — The 
Mueller-tvpc   bridge  should  have   its  calibra- 

'  See  Jessup.  R  S..  ■"Precise  Measurement  of  Heal  of 
Combuslion  with  a  Bomb  Calorimeter."  ,\  BS  .Ponograph 

7.  U.  .S   Goiernmcni  Prinline  Office 

'■■Reapenl  Chemicals.  ,\merican  Chemical  Sociel> 
Specifications."  Am.  Chemical  Soc.  Washington.  DC 
For  juepeslions  on  ihe  testing  of  reaeents  not  lisled  b>  the 
American  Chemical  Socieu.  see  '"Reacenl  Chemicals  and 
Standards."  b\  Joseph  Rosin.  D  Van  .Sostrand  Co  .  Inc  . 
New   Nork.  N  V  .  and  the  "Umled  Slates  Pharmacopeia  " 

'Annual  Book  of  ASTSt  Sundariis.  Parts  20.  21.  22. 
;>>.  .11.37.  and  40 

•Obtainable  from  the  National  Bureau  of  Standards. 
\\dshin(:ion.  I)   C    TO^.'J.  as  Standard  Sample  391. 

'Ssoich  Brand  cclloph.me  i.ipe  No  hO(l,  available  from 
the  Minnesota  Mining!  and  Manulaclurinfi  Co  .  h.is  been 
frund  s.iiisfaciors  for  ihis  purpose. 


tion  checked   at   period: 
suitable  external  ccrlifiet; 

6.2  Calibration   of 
1  hcrniumeter — The  pla: 
:-,omeler   is   provided 
..•nstants    determined 
I  hese  are  as   follows: 
;hc  ICC  point:  the  funa^ 
of  the  coil:   and  delta 
formula.  If  the  thermor- 
s'.rjctr'd,  the  constants  c 
^antly  change  with  time 
change  slightly.   Because 
change  and  because  Ro 
with  the  .Mueller  bridge 
value' is  given  onK  to  th." 
should  be  determined  in: 
the  ice  point'  in  duplies 
davs  and  averaging  the  r 
.•necked     periodically 
months).   If  the  value  o 
cantly  (0.001  Q).  the  cai 
must    be    checked.    If    . 
changed  a  recalibration  c 
ance  thermometer  is  nccc 


7.  Preparation  of  .Appara 

7.1   Arrangement  of  A 
Install  the  platinum   re: 
in  the  bucket  so  that  at 
of  the  sheath  is  immers.. 
cury-in-glass  thermomeis. 
halfway  to  the  bottom  oi 
the  thermistor  with  its  ser 
the  midpoint  of  the  therr 
these  elements  so  that  ex 
IS  immersed  each  time  th 
Install  a  tlicrinistor  in  t 
the  element  immersed  to 
the  bucket.  It  will  be  he 
sary  to  have  mercury-i 
thermometers  in  both  ih 
for  quick  temperature  c 
tors  may  be  taped  to  tht 
ihe  platinum  resistance  t 
separately.  If  the  thermi 
thermometers,   it   shoulo 
ntanncr  that  the  sensinc 
midpoint  of  the  thermor 
mometcr  bulbs  and  (err 
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gents — Reagent     grade 
used   in   all   tests.    Unless 

Iis  intended  that  all  re- 
to  the  specifications  of 
Arialytical  Reagents  of  the 
!  ^ocicty,  where  such  spec- 
;  t.*  Other  grades  ma>  be 
;  *rst  ascertained  that  the 
cntly  high  purity  to  permit 
'.  "ling  the  accuracy  of  the 

nicr — Unless  otherwise  in- 

J|)   water  shall   be   under- 
nt  water  conforming  to 
Jii    D    1193,    for    Reagent 

1— The  acid  must  be  pcl- 

-No.  36  gage  (0. 127-mm) 

1100-mm  lengths. 
ficalor. 
nimercial  oxygen  produced 
■   he  used  without  purifuM- 

Ji  by  electrolysis  of  water 
,ut  purification  as  it  m:iv 
Dccn.  Combustible  impun- 
^  by  passage  over  copper 

nsiiive  Tape — Celloph.inc 
•ji)  wide.' 

\xide  Solution  (0.0725  S  l 
.'dium  hydro.vide  (NaOHi 
.0  1  liter.  Standardize  «r.fi 

Ilale  and  adjust  to. 0.0":." 
(hods  E  200. 

aratus 

1/^ csis  tnnce  Bnd^c — 1  lu- 
should   have   Us  e.ilibr.i 
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tion   checked   at   periodic   intervals  against   a 
suitable  external  certified  resistance. 

6.2  Calibration  of  Platinum  Resistance 
Thermometer — The  platinum  resistance  ther- 
mometer is  provided  with  three  calibration 
constants  determined  by  the  manufacturer, 
fhese  are  as  follows:  the  resistance.  /?o.  ^l 
the  ice  point;  the  fundamental  coefficient,  c, 
of  the  coil;  and  delta  (5)  in  the  Callendar 
formula.  If  the  thermometer  is  properly  con- 
structed, the  constants  c  and  b  will  not  signifi- 
cantly change  with  time.  The  value  of /?«  may 
change  slightly.  Because  of  this  tendency  to 
change  and  because  /?o  should  be  determined 
wiih  the  Mueller  bridge  used  in  the  test,  this 
value  is  given  only  to  three  decimal  places.  /?o 
should  be  determined  initially  by  determining 
the  ice  point'  in  duplicate  on  three  different 
days  and  averaging  the  results,  and  should  be 
checked  periodically  (once  every  three 
months).  If  the  value  of  Rn  changes  signifi- 
cantly (0.001  n),  the  calibration  of  the  bridge 
must  be  checked.  If  the  bridge  has  not 
changed  a  recalibralion  of  the  platinum  resist- 
J1H.C  ihcrmoiiictci  is  iicccssarv. 


7.  Preparation  of  Apparatus 

7.1  Arrangement  of  Apparatus  (Note  4) — 
Install  the  platinum  resistance  thermometer 
in  the  bucket  so  that  at  least  6  in.  (152  mm) 
of  the  sheath  is  immersed.  Position  the  mer- 
cury-in-glass  thermometer  so  that  the  bulb  is 
halfway  to  the  bottom  of  the  bucket  and  locate 
ihc  thermistor  with  its  sensing  element  at  about 
the  midpoint  of  the  thermometer  bulb.  Mount 
these  elements  so  that  exactly  the  same  length 
i<  immersed  each  time  the  calorimeter  is  used. 
Install  a  thermistor  in  the  water  jacket  with 
'he  element  immersed  to  the  same  depth  as  in 
!fic  bucket.  It  will  be  helpful,  but  not  ncces- 
■>•">  to  have  mercury -in-glass  calorimetric 
thermometers  in  both  the  bucket  and  jacket 
'  T  iiuick  temperature  ob>ervations  Thermis- 
■  tn  ma\  be  taped  to  these  thermometers  and 
■''e  platinum  rcMstance  thermometer  mounted 
■^;'.iratel\ .  If  the  iheriniNlors  are  taped  to  the 
•'urniometers.  it  should  be  done  in  Mich  a 
'i.inner  that  the  sensing  elements  .ire  at  the 
'■'idpoint  of  the  thermometer  bulbs.  The  ther- 
nionieier   bulbs  and   temperature-sensing  ele- 
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ments  must  not  touch   the  bomb,  bucket,  or 
water  jacket  (Note  5). 

NoTf  4 — This  urrantrcmcni  applies  lo  the  use  of 
the  Parr  equipment  lor  adiabatie  measurements. 

NoTF  5— If  a  Parr  Series  1230  .Adiabatic  Calo- 
rimeter is  used,  then  install  the  thermistor  in  the 
water  jacket  so  that  the  sensing  element  is  in  direct 
line  with  the  discharge  stream  from  the  pump. 

7.2  Calorimeter  Controller  and  Heater — 
Turn  on  the  wp.ier  heater  and  allow  about  10 
min  for  it  to  come  to  operating  temperature. 
Assemble  an  oxygen  bomb  and  place  it  in  the 
calorimeter  bucket  with  2100  g  of  water. 
Place  the  bucket  in  the  calorimeter  jacket  and 
close  the  cover.  Start  the  calorimeter  stirrer 
and  controller.  Lower  the  thermometers  into 
place.  Open  the  two  throttling  valves  on  the 
controller  about  one  turn  and  add  hot  or  cold 
water  with  the  manual  control  until  the  galva- 
nometer spot  moves  toward  the  center  zero 
point.  Allow  the  system  to  opera'.e  under  au- 
tomatic control  and  make  adjustments  with 
the  throttling  valves  until  the  spot  swings  uni- 
formly back  and  forth  within  not  more  than 
ten  divisions  on  either  side  of  the  zero  point. 
Use  the  mercury-m-glass  thermometers  and 
the  balance  control  potentiometer  to  bring  the 
bucket  and  jacket  temperatures  into  balance, 
then  using  the  platinum  resistance  thermom- 
eter adjust  the  balance  control  potentiometer 
so  that  the  temperature  of  the  bucket  remains 
constant  or  lowers  slightly  (not  more  than 
0.(X)1  Q  in  5  min).  The  two  valves  (or  plug- 
cocks)  on  the  water  inlet  to  the  calorimeter 
shall  be  used  for  coarse  adjustment  when  a 
full  flow  of  hot  or  cold  water  is  admitted  to 
the  jacket.  The  hot-water  valve  should  be 
closed  sufficiently  to  prevent  an  excessive 
temperature  over-shoot  during  periods  of 
rapid  temperature  rise.  The  cold-water  valve 
should  be  closed  far  enough  to  prevent 
flooding  when  a  full  How  of  cold  \^.iter  is 
admitted  to  the  jacket. 

K.  Standardization 

8.1  r.ncrgv  I'qiiivulcnt  of  the  Calurinietcr 
—  Benzoic  acid  shall  be  used  as  the  prim.irv 
standard    (Note   6)     .\   satiiple   v^eiglit   should 


■  1  he  itc  point  shoulil  S:  iliMfrmincd  in  jccorJuncc  »ilh 
ihc  pr.iicilurc  dcstntvil  in  "Nolcs  lo  Supplci'icnl  Ktsisl. 
jn».c  I  hcriiionulcr  C  cililu.ilcs."  Njiional  Bureau  of 
SljnJjnls  (l'»4>>) 


319 


i 


II-8 


iSlh 


m 


^t 


be  chosen  so  ihal  the  temperature  rise  is  ap- 
proximatel>  0.32  f2  (3.2  C  average  tempera- 
ture rise).  Iniiiall)  the  enercy  equivalent 
should  be  determined  h\  averacinc  six  deter- 
minations made  usinu  benzoic  acid  over  a  pe- 
riod of  at  least  3  da\s.  it  should  then  be  de- 
termined at  frequent  intervals  using  ben/ioic 
acid  (ever)  1  or  2  dass)  with  the  average  of 
the  last  six  determinations  being  used  for  the 
cnergN  equivalent.  If  any  part  of  the  equip- 
ment is  chanced  or  any  part  of  the  procedure 
is  altered,  the  value  should  be  redetermined. 
Make  each  determination  in  accordance  with 
Section  9.  Determine  the  correction  for  nitric 
acid  (HNOj)  as  described  in  10.4  and  substi- 
tute in  the  following  equation: 

where: 

W    =   energy     equivalent     of    calorimeter, 
cal/n.  and 

=  weight  of  benzoic  acid,  g,  in  vacuum 
(Note  7). 

=  corrected  temperature  rise,  as  calcu- 
lated in  accordance  with  10.2  or  10.3, 
fi. 

=  correction  for  heat  of  formation  of  ni- 
tric acid,  cal 

heal  of  combustion  of  benzoic  acid, 
cal/g  in  vacuum  calculated  from  the 
certified  value  in  absolute  kilojoulcs 
per  gram  mass  (weight  in  vacuum) 
given  for  NBS  Standard  39i.  Multiply 
absolute  kilojoules  per  gram  mass 
(weight  in  vacuum)  by  1000/4.1868  to 
obtain  I.T.  calories  per  gram  in 
vacuum  (Note  8). 

NoTF  6 — 2.2.4-trimeth>l  pcntanc  or  n-dodcc- 
ane.  or  both  mjy  be  used  ft)r  checking  the  energy 
equivalent  of  the  s\siem  for  use  with  volatile  fuels. 

NoTf  7 — The  value  of  m  is  determined  as  fol- 
lows: 

m  -  "lo  +  /N,  \{DJD.)  -  (DJD^)] 

where; 

m,    -    wcicht  of  bcn/otc  acid  in  air,  g. 

m     m    ucichl  of  benzoic  atid  in  vacuo,  g, 

D,     -    densU)  of  benzoic  acid  =    1.320  g/cm'.    " 

/)«    '    d;nsii\  of  air.  and 

D^    -   density  of  weights. 

Since  the  air  p^cs^u^c.  air  humidity,  and  air  tem- 
perature in  the  vicinity  of  the  balance  michi  vary 
wilhin  narrow  limits  for  a  specific  laboratory,  it  may 
be  posNihle  lo  iisc  .in  averaec  value  for  />„  and  thus 
establish  a  eonstjni  factor  lor  the  term  [D^ID,  - 
DJD.) 

NoTi   S  — The  heal  cvobcd  b\  combustion  of  the 
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standard   sample   should   be   multiplied   by    the  fol. 
lowinu  factor:* 

I   -   10   ♦  (ZOtP   -  30)   ^  4:((m/r)  -  3) 

+  30((.\/„,'n  -   3)  -  45(/  -  2.S: 

where: 

P       ^    initial   absolute  pressure  of  owccn.  ainiiK. 

phercs  at  temperature  /. 
ni      =    weiehi  of  benzoic  acid,  g  (in  vacuum), 
A/„    =    weij:ht    of   water    placed    in    bomb    before 

combustion,  g, 

y      =    internal  volume  of  bomb,  liters,  and 

'  =  temperaiure  lo  which  the  combustion  reac- 
tion is  referred,  dec  C  (final  temperature  of  the 
calorimeter). 

8.2  Heal  of  Combustion  of  Pressure-Sen- 
sitive Tape — Determine  the  heat  of  combus- 
tion of  the  pressure-sensitive  tape  in  accord- 
ance with  Section  9  u.^ing  about  1.2  g  of  tape 
and  omitting  the  sam.ple.  Make  at  least  three 
determinations  and  calculate  the  heal  of  com- 
bustion as  follows: 

Q^„  =  (Af  X  IV  -  e,)/a 

where: 

Qp„  =  heal  of  combustion  of  the  pressure- 
sensitive  tape,  cal/g, 

At  =  corrected  temperature  rise,  as  calcu- 
lated in  accordance  with  10.2  or  10.3, 
fi, 

W  =  energy  equivalent  of  the  calorimeter, 
cal/fi 

e,  =  correction  for  the  heal  of  formation  of 
HNO„cal.  and 

a  =  weight  of  the  pressure-sensitive  tape,  g. 
Average  the  determinations,  and  redeter- 
mine   the    heal    of  combustion    of  the    tape 

whenever  a  new  roll  is  started. 

9.  Procedure 

9.1  Turn  on  ihc  water  heater  and  the  mil- 
limicrovollmeler,  if  used.  Make  all  electrical 
connections  and  open  the  water  lines. 

9.2  Before  beginning,  be  sure  that  the 
bomb  and  its  fittings  are  completely  dry.  in- 
side and  out. 

9.3  Measure  a  piece  of  36-gage  (0.127- 
mm)  platinum  wire  100  mm  long  and  attach 
the  wire  to  the  bomb  electrodes  forming  a  U- 
shaped  loop. 

9.4  Pipct  1.0  ml  of  water  into  the  bomb 
and  cover  with  a  watch  glass. 


'Sxe  SfIS  Munograph  7.P    \l. 


.)  s   Weight  of  Sample: 

.)  >.l    Weigh  the  sample 

,  »ciniinicro  analytical  bai 

■  pressure-sensitive  tape 

•  .p  of  the  cup.  trim  aroi.- 

......u  blade,  and  seal  tight. 

..  in  strip  of  tape  creaseo 
.c.ilcd  by  one  edge  in  the 
.i,»k  to   give  a   flap  arran. 
a:p  and  tape.  Remove  fro 
r.Tceps.   Fill   a  hypoderm: 
^.iniple.  The  volume  of  s.. 
produce  a  temperature  ris 
II  .52  n  can  be  estimated  as 
V  ,  (W  X  0.5Si 

A  he  re: 

I     =   volume  of  sample  to 

W  =   energy   equivalent  c 

cal/n. 
Q    =    approximate  heal  oi 

sample.  Biu/lb,  and 
0    =   specific  gravity  of  th 

NoTF  9— For  relatively  r 
vuv.h  as  kerosinc-iypc  jcl  fuels 
use  tape. 

9.5.2  Add  the  sample 
sorting  the  tip  of  the  nccc 
disk  at  a  point  so  that  ir 
cover  the  puncture  upc 
needle.  Seal  down  the  flar 
with  a  metal  spatula.  Re 
the  tape  and  sample.  C 
throughout  the  weighing  ;- 
to  avoid  contacting  the  la 
fingers.  Place  the  cup  in 
and  arrange  the  fuse  wire 
portion  of  the  loop  pressc> 
of  the  tape  disk. 

9.6  Bomb  Assembly — 
.ind  lighten  the  cover  se 
bomb  lo  the  oxygen  cylim 
tnyecn  until  a  pressure  o 
Do  not  purge  the  bomb  i 
air.  Disconnect  the  boir 
svlinder  and  replace  the  ' 
he  careful  nol  to  overch. 
j.\.ideni,  the  oxygen  inlrc 
should  exceed  40  aim.  Di 
the  combuslion.  A  violet 
»'l  ruptunng  the  bomb. 
the  fillinc  connection  ano 
'.he  usual  manner.  Discar 
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should   be  multiplied   b>   the  fol- 

30)  +  A2{(m/y\  _  3) 
+  30((A/„/n-3)-45f,  -25)) 


(    ^'""=  P''«--""rc  of  oxvcen.  jtmos- 
'w-mpcralure  /. 
ocnzoic  acid,  p  (in  vacuum) 
*atcr    placed    ,n    bomb   "before 

I     ■'■ 

oiumcof  bomb,  liters,  and 

to  which  the  combusiion  reac- 
aegC  (final  temperature  of  the 


I 


^onibmtion  of  Pressure-Sen. 
rmine  the  heat  of  combus- 
ire-sensitive  tape  in  accord- 
9  using  about  1.2  g  of  tape 
"mple.  Make  at  least  three 
calculatcthe  heat  ofcom- 


J 


(MxW-  e,)/a 

'mbusticn   of  the   pressure- 
pe,  cal/g, 

cmperaiure   rise,  as  calcu- 
:ordance  with  10.2  or  10.3 


valent  of  the  calori 


meter. 


or  the  heat  of  formation  of 
ind 

•  pressure-sensitive  tape,  c 
^rminations.   and    redeler- 
combustion    of   the    tape- 
is  started. 


^afcr  heater  and  the  ni;l- 
used.   Make  all  elect ric.l 
I  the  water  lines, 
"'np.    be    sure    that    the 
•  are  complctel)  dr>.  n 

■-•ce  of  .I6.i:ace  (Oir- 
'W  mm  lont;  and  .itt.u;i 
electrodes  formmj-  .i  I 

■'  ^'iter  into  the  boii;.'< 
f'  glass. 

r   12 


9.5   Weight  of  Sample: 
9.5.1    Weigh  the  .sample  cup  to  O.OI   mg  on 
a  .scmimicro  analytical  balance.  Place  a  piece 
of  pressure-sensitive  tape  (Note  9)  across  the 
top  of  the  cup.  trim  around  the  edge  with  a 
razor  blade,  and  seal  tightly.  Place  a  3  by  12- 
mm  strip  of  tape  creased  in  the  middle  an'd- 
scaled  by  one  edge  in  the  center  of  the  tape 
disk  to  give  a   nap  arrangement.   Weigh   the 
cup  and  tape.  Remove  from  the  balance  with 
forceps.    Fill   a   hypodermic   svringe   with   the 
sample.   The  volume  of  sample  necessarv   to 
produce  a  temperature  rise  of  approximately 
0.32  n  can  be  estimated  as  follows: 
^  =  (J»'x0.58)/(^  X  D) 
where: 

^■    =   volume  of  sample  to  be  used,  ml 
»^   =   energy   equivalent   of  the   calorimeter 
cal/fi. 

Q    =   approximate  heat  of  combustion  of  the 

sample,  Btu/lb.  and 
D    =   specific  gravity  of  the  sample 


9.5.2  Add   the  sample   to   the   cup   by   in- 
serting the  lip  of  the  needle  through  the  tape 
d"sk  at  a  point  so  that  the  Hap  of  tape  will 
eovcr   the    puncture    upon    removal    of   the 
needle.  Seal  down  the  nap  by  pressing  liehtly 
«'th  a   metal  spatula.   Reweigh  the  cup^with 
'he  tape   and    sample.   Care    must    be   taken 
'hroughout  the  weighing  and  nilmc  operation 
'0  avoid  contacting  the  tape  or  cup  with  bare 
'angers.  Place  the  cup  in  the  curved  electrode 
^nd  arrange  the  fuse  wire  so  that  the  central 
rmion  of  the  loop  presses  down  on  the  center 
"I  the  tape  disk. 

9  6  flo„,^  .■I,ruv„M>-Assemble  the  bomb 
^nd   tighten   the  cover  securely.   Connect   the 
^-mb  to  the  oxygen  cylinder  and  sloulv  admit 
''Vpcn  until  a  pressure  of  30  aim  is  attained 
""  not  puree  the  bomb  to  remose  entrapped 
"r.    Disconnect    the   bomb    from    the   oxNren 
^Mmder  and  replace  the  valve  cover.  Caution: 
"e  careful  not  to  overcharge  the  bomb    If  b^ 
•'^eideni.  the  oxygen  introduced  into  the  bomb 
>houId  evceed  40  aim.  DO  SOT  proceed  w.th 
'he  combustion    A  violent  explosion,  capable 
»r  rupturing  the  bon,b.  might  occur.   Detach 
Je  mimg  connection  and  exhauM  the  bomb  in 
'fie  usual  manner.  Di.scard  the  .ample 
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Note  10— Pressures  within  the  range  of  from  ""S 
o  35  aim  mav  be  used,  provided  the  same  pressure 
IS  used  lor  all  tc.Ms.  including  standardization. 

.     9.7   Calorimeter  Water: 

9.7.1    Adjust   the   temperature  of  the  calo- 
rimeter water.  The  choice  of  the  temperature 
10  which  the  water  is  adjusted  before  weighing 
will  depend  on  a  number  of  factors,  including 
room  temperature,  the  desired  initial  tempera- 
ture ot  the  experiment,  and  the  relative  heal 
capacities  of  the  calonmeter  bucket,   water 
and  bomb.  No  dcnnite  rule  can  be  civcn    but 
the  operator  will  learn  by  experience  how  to 
select  the  proper  temperature  under  the  condi- 
tions of  his  particular  laboratory  and  appa- 
ratus. The  following  can  be  used  as  a  guide- 


Isoihermal  method 
Adiabjiic  meihod 


3.0  10  3.S  C  below  jacket  timpcr- 
ature 

I  5  to  1.8  C  below  room  tempera- 
ture 

9.7.1.1    Isothermal      Method— Adjusi      the 
temperature  such  that  after  assembly  of  the 

calorime'e--  b'^'^'^  ■•-^  »-•  ■■    ■    i 
.  •   -^ ^  "uvNci  lis  temperature 

will  be  a  few  tenths  of  a  degree  below  the  de- 
sired  initial  temperature. 

9.7.1.2  Adiabatic  Meihod—Adjusi  the 
temperature  so  that  the  initial  temperature  of 
the  determination  will  be  as  close  to  some 
li.xed  value  as  possible. 

9.7.2  Weigh  the  calorimeter  bucket  to 
±0.05  g  on  a  heavy-duty  analytical  balance 
After  once  establi.shing  the  dry  bucket  weight 
It  need  only  be  checked  occasionall>.  Fill  with 
the  desired  quantit)  of  water  (2000  to  2100  e) 
and  reweigh  to  0.05  g  (Note  II).  The  exact 
quantity  of  water  is  not  important  as  long  as 
It  IS  enough  to  cover  the  bomb  and  its  fiit.ngs 
and  IS  the  same  in  each  determination. 

Nou  ll-The  ehant:e  in  weight  of  the  water  in 
the  c.ilorimetcr  bucket  due  to  eNa,v.rat,on  .  ,  r 
|»e,?h,n,  will  .ff,,,  ,he  ,n,,,.  e.u.'.len,  The^^f^ 
ea  ol  this  loss  ,s  sm..ll  and  w,||  cancel  .1  the  proce- 

iML  the  assenihlv  of  the  sNsten.  is  carried  out  „,  ih- 
s.  nc  n,.mner  .md  in  the  s.„„e  lench  ..(  ,„";    "  Ih, 
.Jl.bral.on   exper.ineno  ..s   m   the' n.e.isere men,   o 
ilie  heal  ul  eombusiu.n  '<-"Kni  oi 

9.7.3  Immedi.iieK  .titer  weichini!.  place  the 
bucket  in  position  in  the  calonmeter  jacket 
carefully  pl.,ce  the  bomb  m  the  bucket  and 
complete  the  firing  circuit  Close  the  calorim- 
eter  cover  and  lower  thermometers  and  ther- 
mistors. 

Nori    12-Thc  honih  should  be  lowcud  ,nio  the 
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caU'riiiictcr  «ilhoui  tiiU(.liin<j  ilic  w.ilcr  uith  the  Tin- 
i:cfN  1  Ills  c.n  t'c  il<>iic  l>\  iiMni;  .1  hook  011  wluch 
ihc  h>>i«b  c.iM  lie  hiiiii:  .mil  »hn.li  <.".iii  be  removed 
;ilier  ihe  bom^  i>  m  pl.iee  in  the  e.iloriineler  buekel. 
\  hooK  iii.iile  >>r  .1  pieee  ot  br.iss  roj  .livmi  .  in. 
(I  (•  mnU  1:1  ili.imeier  h.is  been  loiiiul  s.iiisl.Ktorv 
Ihe  hookeii  ends  ol  ihe  rod  .ire  inserted  into  holes 
on  opposite  sk!cs  ol  the  scre«  top  ol  the  bomb  and 
are  e.isiK  removed  alter  the  bomb  is  in  plaee. 

9.8  Procedure  for  Isothermal  Method: 
9.J>.1  Slan  ihc  stirrer  motor  and  llic  ccn- 
Irollcr  on  the  jacket  heater  to  bring  the  tem- 
perature of  the  water  in  the  jacket  to  28  C. 
Take  time  and  temperature  readings  over  a 
25-min  period.  During  this  period  there  are 
three  definite  lime  intervals: 

9.8.1.1  An  initial  period  of  about  6  to  9 
min  during  which  the  temperature  change  re- 
sults solel>  from  thermal  leakage  and  heat  of 
stirring. 

9.8.1.2  A  middle  period  of  about  12  min.  at 
the  beginning  of  which  the  charge  in  the  bomb 
is  fired,  and  during  which  the  temperature 
change  is  due  primarily  to  the  heat  liberated 
by  the  combustion  reaction  m  the  bomb  and 
partly  to  thermal  leakage  and  heat  of  stirring. 

dllU 

9.8.1.3  ,\  final  period  of  9  to  11  min  during 
which  the  temperature  change  is  again  due 
solely  to  thermal  leakage  and  heat  of  stirring. 

9.8.2  Allow  the  temperature  of  the  calo- 
rimeter water  to  drift  up  to  the  starting  temper- 
ature and  then  make  and  record  readings  of 
the  time  and  temperature  of  the  initial  period. 
During  this  initial  period  when  the  rate  of 
temperature  rise  is  constant,  make  observa- 
tions of  temperature  at  1-min  intervals.  The 
starting  temperatuic  always  has  the  same 
value  as  determined  from  the  calibration  run.s 
and  is  so  chosen  that  the  final  temperature  of 
the  calorimeter  after  the  combustion  will  be  a 
few  hundredths  of  a  degree  Celsius  below  the 
Jacket  temperature. 

9.8.3  When  the  firing  temperature  is 
reached,  fire  the  sample  by  closing  the  firing 
circuit  through  the  fuse  wire  in  the  bomb  by 
depressing  the  button  on  the  ignition  unit.  The 
pilot  light  should  glow  momentarily  and  the 
temperature  should  start  increasing  in  about 
15  s.  If  the  circuit  does  not  close,  or  if  it  re- 
mains closed,  or  if  the  temperature  does  not 
sl.iri  rising,  the  experiment  has  misfired  and 
must  be  discontinued.  After  the  combustion 
of  the  sample  ,ind  durinc  the  nmlille  period 
when  the  temperature  is  rising  rapidU,  make 
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temperature  observations  fir>t  by  setting  the 
bridge  dials  successively  at  certain  predeter- 
mined points  (as  determined  during  the  stand- 
ardization runs)  .md  observing  the  time>  a; 
which  the  galvanometer  deflections  become 
^ero.  .Afier  about  3  min.  the  rate  oi  tempera- 
ture rise  will  decrease  so  that  temperature 
readings  may  be  taken  with  more  accuracy. 
These  readings  shall  be  continued  until  the 
rate  of  temperature  change  has  been  constant 
for  at  least  10  min.  The  readings  made  afier 
the  rate  of  temperature  change  has  become 
constant  constitute  the  final  period. 

Norh  13 — During  the  initial  and  final  periods 
the  resistance  of  the  thcrniometer  should  be  meas- 
ured vviih  the  highest  possible  accuracy,  since  the 
over-all  accuracy  of  the  de<crminalion  depends  di- 
rectis  upon  the  accuracy  ol  these  temperature  meas- 
urements. Dunne  the  middle  period,  because  of  the 
ver.  rapid  rate  of  temperature  rise,  it  is  not  possible 
to  make  readings  as  accuratelv  as  during  the  initial 
and  final  periods.  This  lack  of  accuracy  is  not  im- 
portant because  the  readings  of  the  middle  period 
are  used  onlv  for  calculating  the  relativeh  small 
correction  for  thermal  leakage  and  heal  of  stirring 

9.9  Procedure  for  Adiabatic  Method: 

9.9.1  Start  the  stirrer  motor  and  turn  on 
the  calorimeter  controller.  Use  the  manual 
control  switch  of  the  controller  to  bring  the 
jacket  temperature  in  close  agreement  with 
the  bucket  temperature.  .Allow  the  controller 
to  automatically  control  the  temperature  and 
wait  15  min  for  equilibrium  to  be  attained.  At 
this  point,  and  at  the  end  point  also,  the  tem- 
perature of  the  jacket  should  be  controlled  to 
the  same  temperature  as  the  bucket,  or 
slightly  (0.005  C  at  most)  below.  Make  read- 
ings at  1-min  intervals  until  three  consecutive 
readings  show  no  change.  Fire  the  sample  b\ 
depressing  the  button  of  the  ignition  unit.  The 
pilot  light  should  glow  momentarily  and  the 

'temperature  should  start  increasing  in  about 
15  s.  If  the  temperature  does  not  start  rising, 
the  experiment  has  misfired  and  must  be  dis- 
continued. Read  and  record  the  initial  resist- 
ance, estimating  the  value  to  the  nearest 
0.00005  12. 

9.9.2  After  6  min  from  nring.  begin 
reading  the  resistance  every  minute.  Continue 
until  three  consecutive  readings  show  no 
change,  or  the  readings  decrease.  Read  and 
record  the  final  resistance  reading  estimating 
the  value  to  the  nearest  0()(XX)5  W. 

9  10    ■\nal\^is  of  liontb  Contents: 


9  10  1   Turn   off  the  con- 
and  remove  the  bomb  fror 
Open  the  needle  valve  anc 
ocapc  at  a  rate  such  as  to  : 
to  atn^ospheric  in  not  less 
the  bomb  and  examine  th 
burned    carbon.    If   any    t" 
carbon  is  found,  the  expon- 
jected.    Wash   the   interior 
eluding    the   electrodes   anr. 
with   a    fine  jet   of  water 
collect  the  washings  in  a  : 
flask.  Use  a  minimum  amc 
preferably  less  than  300  ml 
ings    with   0.0725    .V    NaC 
methyl  red  indicator. 

9.10.2  Determine  the  su^ 
sample  if  it  exceeds  0.05 
ance  with  ASTM    Methoc 
Sulfur  in   Petroleum   Prod 
Method.'" 

10.  Calculations 

10.1    Temperature        R 
'  Method — Using  data  obla 
plot  a  eraoh  of  readings  of 
time  and  calculate  the  co- 
rise,  A/,  in  ohms  as  follow 
>kt  =  t,  -  I,  -  r,  (b  - 

where: 

Af    =   corrected  icmperat 
a     =   lime  of  firing. 
b     =   time    (to   nearest 
temperature  nsc  r; 
total  (obtained  gr 
cally). 
c      =    time    at    bccinninc 
which  the  rate  of 
with  time  has  bccc 
t,     =    temperature  at  tin 
/,     =    temperature  at  lim 
r,     =    rate    at    which   iV 
rising  during  the 
firing,  n,  and 
r,  -    rate  at  which  the  t' 
during  the  final  p>- 
10.2  Temperature  Rb 
—Using  data  obtained  i" 
the  temperature  nsc.  A/. 
^1  -  I. 

N^herc: 

A/    -    corrected  temporal 
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tons  first  by  selling  the 
ely  at  certain  predeier- 
crmined  during  the  sland- 

I  observing  the  times  ai 
:ter  deflections  become 
min,  the  rate  of  lempera- 
-se   so   that   temperature 

I  en  with  .nore  accurac). 
..  be  continued  until  the 
change  has  been  constant 

Irhe  readings  made  after 
ure  change  has  become 
:ne  final  period. 

iie   initial   and    final   pcriodN 

Irmomelcr  should  be  nica>- 

possiblc  accuracv.  since  iho 

:?.c  determination  depends  di- 

Iof  these  temperature  meav 
iddlc  period,  because  of  the 
rat  ure  ri^e.  it  i->  not  posMbk- 
..curately  as  during  the  initial 
N  lack  of  accuracy   is  not  ini- 

1, dines  of  the  middle  peri.'d 
ulaling   the    relaiiveh    small 
.  leakage  and  heat  of  Ntirnni-. 

"^idiabalic  Method: 

.iirrer   motor  and  turn  on 
"•roller.    Use   the   manual 

I:  controller  to  bring  the 
.n  close  agreement   wiih 
^lure.  Allow  the  controller 

Itrol  the  temperature  and 
ibrium  to  be  attained.  .M 
.r.s  end  point  also,  the  teni- 
~\  should  be  controlled  !>> 
lure    as    the    bucket,    or 
4nost)  below.  Make  reait 
-  als  until  three  consecuti^^' 

Iange.  f  ire  the  sample  ^^ 
;  of  the  ignition  unit.  1 -•.' 
:  ow  momenta riK   and  t'  • 

Suart  increasing  in  ab«'.' 
ure  does  not  start  riNii''-. 
niisfired  and  nuisl  be  <*" 
record  the  initial  rc-^-' 
value    to    the    ncafi.-' 


1 


•iin    from    tiring,    be 

Ic  cser\  minute.  Conti'  • 
iiivc    readings   sho« 
_jings  decrease.   Read  a"" 
stance  reading  estimaii"'' 


I 
1 


St  0  IKKK)5  v.. 
onib  Conii'nis 


(iSIb      D  2382 


9.10.1   Turn   off  the  controller   and   stirrer 
and  remove  the  bomb  from  the  calorimeter. 
Open  the  needle  valve  and  allow  the  gas  to 
escape  at  a  rate  such  as  to  reduce  the  pressure 
to  atmospheric  in  not.  less  than   1  min.  Open 
the  bomb  and   examine  the   interior  for  un- 
burned    carbon.    If    any    trace    of    unburned 
carbon  is  found,  the  experiment  should  be  re- 
jected.   Wash    the   interior   of  the   bomb   in- 
cluding  the  electrodes   and   the   sample   cup 
with   a   fmc  jet   of  water   and   quantitatively 
collect  the  washings  in  a  500-ml  Erlenmeyer 
flask.  Use  a  minimum  amount  of  wash  water, 
preferably  less  than  300  ml.  Titrate  the  wash- 
ings   with   0.0725    .^'    NaOH    solution    using 
methyl  red  indicator. 

9.10.2  Determine  the  sulfur  content  of  the 
sample  if  it  exceeds  0.05  percent  in  accord- 
ance with  ASTM  Method  D  129.  Test  for 
Sulfur  in  Petroleum  Products  by  the  Bomb 
Method.'" 

10.  Calculations 

10.1  Temperature  Rise,  Isothermal 
Method— \J%\no  data  obtained  in  Section  9, 
plot  a  graph  of  readings  of  temperature  versus 
time  and  calculate  the  corrected  temperature 
rise.  A/,  in  ohms  as  follows: 

A/  =  f,  -  /.  -  /-I  (b  -  a)  -  r,  (f  -  b) 

svhere: 

Af   =   corrected  temperature  rise.  Q. 
a     =  time  of  firing, 

b     =   time    (to   nearest   0.1    min)  when   the 
temperature  rise  reaches  63  percent  of 
total   (obtained  graphically  or  numeri- 
cally), 
c      =   time   at    beginning   of   final    period    in 
which  the  rate  of  temperature  change 
with  time  has  become  constant, 
f,     =   temperature  at  time  of  firing,  ft. 
t,     =   temperature  at  time  c.  in  U. 
/■,     =    rate    at    which    the    temperature    was 
rising  during   the   initial   period   belorc 

firing,  li.  and 
r,   =    rate  at  which  the  temperature  was  rising 

during  the  final  period.  i.V 
10.2   Tt'mi'iraiurc  Rise.  AJiiihaiic  Sfcihnd 
—Using  data  obtained  in  Section  9.  calculate 
the  lemperatuie  rise.  Af.  in  ohm>.  as  follows: 
M  -  I,  -  I. 

where: 

^t        corrected  temperature  rise.  ft. 


I,     =    final  equilibrium  temperature.  9..  and 
t,     =   temperature  at  time  of  finng.  ft. 

10.3  Thermochemical  Correction  (Ap- 
pendix /12)— Calculate  the  following  correc- 
tions for  each  test: 

e,  =i   correction  for  the  heat  of  formation  of 
the  HNOa.  cal  =  milliliters  of  standard 
(0.0725  ;V)  NaOH  solution  used  in  ti- 
tration. 
Pj  =   correction  for  the  heat  of  formation  of 
sulfuric  acid  (HjSOJ.  cal  =   14  x  per- 
centage of  sulfur  in  sample  x  weight  of 
sample,  g. 
fj  =   correction  for  the  heal  of  combustion  of 
pressure-sensitive  tape,  cal   =   weight  of 
tape,  g   X   heat  of  combustion  of  tape 
cal/g. 
10.4  Gross    Heal    of  Comfciisno^— Calcu- 
late the  gross  heal  of  combustion  by  substi- 
tuting in  the  following  equations: 

^'^^"":'(A/x^f-e.-e,-..)/.Wxl.8Btu/.b 


Q,  (gross,  25  C) 

=  (yt  K  iV  -  e,-  e,-  e-MM  cal/g 

^'•^^'^"•'\'-'^.(gross.rC).^U-25)Btu/lb 

where: 

Qf  (gross,  /  C)  =  gross  heat  of  combustion  at 
constant  volume  expressed  as  cal/g  or 
Btu/lb, 
Qf  (gross.  25  C)  gross  heat  of  combustion  at 

constant  volume  expressed  as  Btu/lb, 
Ar   =   corrected  temperature  rise.  ft. 
W  =   energy     equivalent     of    calorimeter. 

cal/ft, 
M    =   weight  of  sample  in  air.  g. 
t      =   final  temperature  of  combustion,  deg 

C, 
fi,  ^1.  <'j  =  corrections  as  described  in  10.3. 

and 
A     =   correction  factor.  Btu/lb  deg  C  to  cor- 
rect    from    final    temperature    of 
combustion  to  25  C"  where  values 
of  factor  A  are  given  in  Table  I 
10.5   Set   Heat  ol   0/"i/>uw»<»/>— Calculate 
the  net  he.it  of  combustion  as  follow  ,: 
Q.,  (nel.:>C)       Q,  leross.  :>  t  )       'M  2^    >    // 

where: 

On  (ncl.  25  C)   -    net  he.n  of  combustion  ai 


"  Annual  Hook  of  ASTM  SunJarJs.  Pjrl  2) 
"See  SBS  Monofrjrfi  ^  P    "^ 
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constant    pressure,     Btu/lb    (weight    in 

air), 
Q,  (gross.  25  C)  =   cross  heat  of  combustion 

at   constant    volume.    IJlu/lb   (weiuht   in 

air),  and 
H    -    vveiuhl     percent     of    h\droeen     in     the 

sample. 
Ifthc  percentage  ofhvdroL'en  in  the  sample  is 
not  known,  determme  the  h\drouen  in  accord- 
ance with   ASTM    Method    D    1018.  Test  for 
Hsdrogcn  in  Petroleum  I-'ractions.'" 

11.  Report 

I  I.I  Net  heat  of  combustion  is  the  c^uantity 
required  in  practical  applications.  Both  gross 
and  net  heat  should  be  reported  to  the  nearest 
Blu  per  pound. 

12.  Precision 

12.1  The  following  criteria  should  be  used 
for  judging  the  acceptability  of  results  (95 
percent  confidence): 

12.1.1    Repeaiabiliiy — Duplicate    results  by 
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the  same  operator  should  be  considered  sus- 
pect if  they  differ  b\  more  than  the  following 
amounls: 


GroN*  llojl  < 

f 

N 

ci  IU.ll  ul 

C"i>nihus|ion 

C\ 

nihuslmn. 

Utu   Ih 

Blu  Ih 

Id  fuel 

:o 

■^■% 

\\ij|n>n  iiaMilinc 

:9 

y\ 

"  C  jIcuIjicJ  \.iIucs  bj\cd  nn  prociMi'O  of  hvilrotcn  dt 
lcrniin.ilii)n  in  ji.\.'iiriljni.c  v.nh  MclhoJ  I)  lOIX 

12.1.2  ReproJucihiliiv — The  results  sub- 
mitted b>  each  of  two  laboratories  should  be 
considered  suspect  if  the>  differ  by  more  than 
the  follouinc  amounls: 


Cro'is  Hfjt  of 

N< 

•I  Hejl  of 

Conibuilion. 

Co 

inbuNiion' 

Blu/lb 

Blu/lb 

Jcl  fuel 

53 

56 

Aviation  gasoline 

119 

i:o 

°Calculaicd  values  based  on  precision  of  h\drogen  de- 
lerminalion  in  accordance  with  Method  D  1018. 


TABLF.   I      Values  of  Faclor  .-1 


Qi  (Gross. 

A 

Qg  (Gross. 

A 

/C) 

/C) 

Btu/lb 

Blu/lbdcgC 

Btu/lb 

Btu/lb  degC 

18  500 

0.68 

19  600 

1.14 

18  600 

0.72 

19  700 

1.18 

18  700 

0.76 

19  800 

1.22 

18  800 

0.80 

19  900 

1.26 

18  900 

085 

20  000 

1.30 

19  000 

0.89 

20  100 

1.35 

19    100 

0  93 

20  200 

1.39 

19  :oo 

097 

20  300 

1  43 

19  .-(OO 

1  01 

20  400 

1.47 

19  400 

1  05 

20  500 

1.51 

19  500 

1.09 

20  600 

1.55 

M .    \  P  P  ^ 

\l.l  Test  Room 

Mil    The  room  in  which  the 
jicd  must   he   free   from  drafts 
v.:ildcn  icmpcralurc  ehanccs.  Tb 
.  ni>t  impori.ini  as  long  as  it  is 
"s  I   {1}  10  2t>  C)  and  is  held  con 
...re  niu>t  be  constant,  not  only 
r>ui  from  one  time  of  the  sear  ti 
r.i. s  of  the  sun  shall  not  slnke  the 
T|d.i:c.    and    cabanomcter.    Ade 
luhiine.  heating,  and  vonlilation 
1  r.crmoNtaiic  control  of  room  tc: 
iri'llcd  humidit)  are  desirable. 

\l.2  Oxygen  Bomb 

.\l.2.l  The  oxygen  bomb  sh. 
\olume  of  350  ±  50  ml.  All  parts 
.if  m.i;erials  that  are  not  affcctco 
rrocess  or  products  sufficicni  to 
.;blc  heat  input  or  alteration  of  . 
r>.inib  IS  lined  vkiih  platinum  or 
sn.ill  be  sealed  to  prevent  combi:' 
reaching  the  base  metal.  The  borr 
M'  that  all  liquid  combustion  pr 
!»leiel>  recovered  b>  \Aashine  ; 
ihcre  must  be  no  cas  leakage 
hiiinb  must  be  capable  of  \*iihstj 
pressure  test  to  3(X)0  psig  (20." 
rtMHi  temfHrrature  <*iihoul  stressi 
lis  elastic  limit  "  If  necessary,  m> 
:h.it  itic  feel  arc  12  mm  high  to  ai. 
urculaiion  under  the  bomb. 

\l.3  Calorimeter  Bucket 

\!  3  I  The  calorimeter  bucke 
rticial  ipret'erahly  copper  or  brasN 
■iNi.in!  coating,  and  vnth  all  ol 
"^-lished.  Its  s;/e  shall  be  such  ih: 
.■TipleieK  immersed  in  water  wi 
■-  asxrmbled.  It  shall  have  a  dc\ 
■*.iler  thoroughly  and  at  a  uniforr 
.M.un  heat  input  Continuous  ^ 
^^.jII  not  raise  the  icmptralurc 
starting  with  identical  temperalu. 
'.ff.  room,  and  lacket.  The  immc 
Mirrcr  shall  be  coupled  to  the  out 
icnal  of  a  lev*  heal  conductiv  ily. 

M  4  Jacket 

AI  4  I  The  calonmetcr  bomb 
shall  be  compleleK  enclosed  vm 
'ukti  jnd  suppuneil  so  thai  its 
•••n*  ure  approvimatels  I  cm  fro 
I  ''r  lacket  ma\  be  arranged  so  as 
viant  temperature,  or  with  provi 


-^w-^vitatfi^M  f«««vv«w 
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'  ator  should  be  considered  sus- 
ffer  by  more  than  the  following 
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Gross  Heal  of 

Combusiion. 

Blu/lb 

20 

:9 


Ncl  Meat  of 

ComhuNlion." 

B(u/lb 

22 
Jl 


l.ucs  based  on  precision  of  hsdrogcn  de- 
cordancc  »uh  Mclhod  D  1018^ 

(oducibility—The   results  sub- 
of  two  laboratories  should  be 
ir>ect  if  they  differ  by  more  than 
mounts: 


Gross  Heat  of 

N 

el  Heal  of 

Combustion. 

Conibusiion' 

Blu/lb 

Blu/lb 

53 

56 

119 

120 

les  based  on  precision  of  hsdroeen  di- 
I  dance  vknh  Method  D  lOls! 


degC 


APPENDIXES 


Al.  APPARATUS  FOR  HEaT  OF  COMBUSTION  TEST 


\I.I  TestRoom 

Al.l.l   The  roominv-hichthecalorimelcrisopcr- 
jioJ  must   be   free  from  drafts  and   not  subject  ic 
-.<ldcn  temperature  changes.  The  exact  temperature 
.s  not  imponani  as  long  as  it  is  in  the  range  of  74  to 
's  F  (23  to  26  C)  and  is  held  constant.  The  tempera- 
ture must  be  constant,  not  onlv  throuchout  the  das 
hut  from  one  time  of  the  sear  to  another  The  direct 
r.iss  of  the  sun  shall  not  strike  the  calorimeter  jacket 
hridcc.   and   galvanometer.    Adequate    lacilities   for 
I'L-hling.  heating,  and  ventilation  should  be  provided 
Thermostatic  control  of  room  temperature  and  con- 
trolled humidity  arc  desirable. 

A  1.2  Oxygen  Bomb 

A  1.2.1  The  oxNgen  bomb  shall  have  an  internal 
volume  of  350  ±  5O  ml.  All  parts  shall  be  constructed 
of  materials  that  are  not  affected  bv  the  combustion 
prwcss  or  products  sufficient  to  introduce  measur- 
jhle  heat  input  or  alteration  of  end  products  if  the 
bomb  ,s  lined  s^iih  platinum  or  cold,  all  openincs 
v.lall  be  sealed  to  prevent  combustion  products  froni 
i-a.hing  the  base  metal.  1  ne  bomb  must  be  designed 
s>>  thai  all  liquid  combustion  products  can  be  com- 
rktely  recovered  by  ssashinc  the  inner  surfaces 
Ihere  must  be  no  gas  leakace  during  a  test  The 
t^ornb  must  be  capable  of  uithstandin./a  hsdrostalic 
pressure  test  to  3000  psig  (20.7  M^7m^  gage)  at 
rwrn  temperature  uithoiit  siressini;  anv  part  beyond 
•IS  elastic  limit."  If  necessary,  modifv  the  bomb  such 
Itiat  the  feet  are  12  mm  high  to  allowVor  better  water 
circulation  under  the  bomb. 

AIJ  Calorimeter  Bucket 

A  1.3. 1  The  calorimeter  bucket  shall  be  made  of 
"'ctal  (preferably  copper  or  brass)  with  a  tarnish-re- 
M^larll  coating,  and  wiih  all  outer  surfaces  hiiihlv 
rx'lished.  Its  i,uc  shall  he  such  that  the  bomb  will  be 
sompletel>  immersed  in  water  when  the  calorimeter 
'^  assembled.  It  shall  have  a  device  lor  stirrine  the 
•ater  thorouchiv  and  at  a  uniform  rate  but  ssith  min- 
■niiim  heat  input.  Continuous  stirrine  lor  10  mm 
•nil!  not  raise  the  temper.iture  more  than  0  01  C 
;'.irling  with  identic.il  temperatures  in  the  Lalorinie- 
■'■'.  room,  and  jacket.  The  immersed  portion  of  the 
;-irrer  shall  be  coupled  to  the  outside  through  a  ma- 
inalofa  low  he.it  conductisu^. 

^1  •<  Jacket 

\l  -4  I    The  calorinieler  k.mh.  huckei.  .md  water 

^'11  be  conipleicK  enclosed  ss.thin  a  stirred  water 

'^kcl  and  supported  so  that  its  „Jes.  top.  and  hot- 

'"  are  approMinateU    I  cm  from  the  i.cket  vs., IK 

'"s-  laekel  mas  Ik  arranged  so  as  to  remain  al  a  con- 

•  •'"!  Icmperalure.  or  s*ith  prosiMuns  lor  auiumaii- 


at 


cally  adjusting  the  jacket  temperature  to  equal  tha 
of  the  calonmeter  bomb,  bucket,  and  water  for  adi- 
abatic  operation.  It  mast  be  constructed  so  thai  anv 
water  evaporating  from  the  jacket  w,||  not  condense 
on  the  calorimeter  bucket." 

A  1.5  Thermometers 

Al.5.1  Temperatures  in  the  jacket  and  the  calo- 
rimeter, respeciively.  shall  be  measured  wuh  the  fol- 
lowing thermometers: 

A:>l.\t  bomb  Calonmeter  Thermometers,  havinc  a 
range  from  66  to  95  F,  19  to  35  C.  18.9  to  25  1  C  or 
-3.9  to  30.1  C  as  specified,  and  conformine  to 'the 
requirements  for  Thermometer  56F.  560.  n6C  or 
II7C.  respectivelv.  as  prescribed  in  ASTM  Specifi- 
cation E  I.  for  ASTM  Thermometers."  Each  of 
these  thermometers  shall  have  been  tested  for  accu- 
racy at  intervals  no  larger  than  2.5  F  or  M  C  over 
the  entire  graduated  scale.  Corrections  shall  be 
reported  to  0.005  F  or  0.002  C.  respectively,  for  each 
test  Doint. 

A  1 .5. 1. 2  Platinum  Resistance  1  liermometer—\ 
2-^-H  calorimetric-t>pe  platinum  resistance  ther- 
mometer calibrated  by  the  National  Bureau  of 
Standards  or  bs  the  supplier,  should  be  uvcd  The 
thermometer  should  be  enclosed  in  a  metal  sheath." 

A  1.6  Resistance  Bridge 

Al.6.1  A  \Vheaisione-t>pe  bridge  capable  of 
measuring  resistance  to  O.OUOI  s>  is  required." 


,  T^  °''>»''="  *>«'"''  (P-""  No,  I  101  or  equivalent)  mus. 

me.     the   rcgu,remcni>  spce.r.ed  in  ASTM   Recontmendcd 

Bombs.  Annual  Book  0}  ASTM  Standardi   Pari  4 1 

'^Thc  lollo«,nst  calorimeter  jackets  have  been  found 
aoe^u.ile 

for  isolhernial  Ofvralion: 

Precision  S.icnlilk  Co.  No   ft  VNO  calorimeter 

Parr  nsirument  Co  N„.  i:jO  calonmcer  v.„h  So 
-fts|  conirollcr 

^or  .idiab.iiic  operation 

Part  ln>tri„nenl  Co  Sericv  1210.  i::0.  or  i:«Ocilorim- 
eler>  v.,th  :mi|  controller,  pr.uukd  lh.,1  Ser.o  i:n> 
and  l..(>  ,.ukel  covcrv  arc  propcrlv  iiticd  «nh  an 
additional  o,xn.np  lor  the  plalinun.  roiMance  ihcr- 
momeier  and  a  suitable  device  lo,  ,..,.,ne  and  lou. 
•Tine  il 

;;  .-InW  /f,«,t  ..,  .Hi/  Af  Standard..  ParN  :.s  ,„j  44 

>..>.'I;'lir^:!;;:'7::;dr-'^-;;--::-',-; 

■•Hridce  So    MrW  ..iM.i.nabIc  i,.„„   |  ,,.,,,  ,^   S  .rthr..n 
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.M.7  Null  Point  Indicators 

\l  7.1  1  iihcr  .1  i:aK.ini>inctcr  or  niilliniicro- 
mlirnclcr  m.i\  he  u\cil. 

\l.7.|.|  (iahanonn-lcr  onj  tucssorii's  —  A  i:;il- 
v.inxiivjUT  li.ivini:  j  ncivmIivuv  hI  0.2  /.\  mm  :it  I  m 
In  required.  1  he  i;.!l».ini>mcter  mj\  be  supported  li> 
.1  .liiliUN  NuspetiMon  It  neecsNar\  lo  reduce  the  elteel 
nl  vihr.ilions  \nv  vuil.ilile  l.inip  .ind  se.ile  device 
mj\  he  used  in  re.idinj;  the  galv.inonielcr. " 

.\  I  7. 1  :   M ilUmicrovoltmeier.^' 

.\  1.8  Timing  I)c»ice 

.\l  S  I  ,\  «jich  or  other  liirini:  device  capable  of 
measunn<'  iime  to  I  s  is  required  for  use  vviih  ihe 
isothermal  method. 

A  1.9  Sample  Cup 

,M.9.I  A  low-form  platinum  cup.  26  mm  in  diam- 
eter and  I  I  mm  deep  with  a  spun  nm.'* 

.M.IO  Firing  Circuit 

A  1.10. 1    A  6  to  16-V  alternating  or  direct  current 
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IS  required  for  ipnition  purposes  with  an  ammeter 
or  pilot  lieht  in  the  circiit  to  indicat.-  when  current 
IS  llowinv;  \  siep-down  ir.insformer  tonnccled  lo  .i 
115  V.  M),(.()-ll/  liiihlini:  circuit  or  sii>ra;.:e  baller\ 
111.1)  he  used.-" 

Nod  14  Caution — The  ignition  circuit  switch 
shall  be  of  the  mtunentarv  cont.ict  t>pe.  norinalK 
o|H.ii.  e\cept  when  held  closed  b\  the  operator. 


"The  follouini;  apparatus  have  been  found  <;ali>faet»r\ 
for  this  purpose; 

Gahanonietcr.  I  ecds  and  Northrup  No.  22S4. 

Julius  Suspension.  Leeds  and  Nonhrup  No.  2162. 

Lamp  and  Scale.  Leeds  .ind  Nonhrup  No.  2I(X) 

"Model  Vo.  I4'V  manuluciured  b>  the  Kcithley  Insiru- 
nicnl  Co..  12415  Euclid  Xvc.  Cleveland.  Ohio  44106.  or 
anv  insirumeni  ofeguivalcni  sensitivilv  is  salisfactorv. 

"Parr  No  43.\  6  sample  cup  has  been  found  salisfac- 
ton.  for  this  purpose 

"Parr  No.  2900  iransformer  has  been  found  salisfac- 
torv  for  this  purpose. 


A2.  COKRECriONS 


A2.1  Thermometer  Corrections 

.•\2.l  1  It  is  not  nccess.iry  to  apply  stem  correc- 
tions to  the  thermometers  as  the  platinum  resist- 
ance thermometer  makes  ihc  precise  readings  of 
temperature. 

A2.2  Thcrmochemical  Corrections 

.■\2.1.2  Heat  of  Formation  of  Silric  Acid — A 
correction  of  I  cal  is  applied  for  each  milliliter  of 
standard  (0.0725  .V)  NaOH  solution  used  in  the 
acid  titration. This  is  based  on  the  assumption  thai 
U)  all  of  the  acid  iilraied  is  UNO,  and  (2)  the  heal 
of  formation  of  0.1  .V  KNO,  under  the  lesl  condi- 
tions IS  I.V8  kcal/molc.  When  lljSO,  is  also  pres- 
eni.  pan  of  the  correction  foi  H:SC),  is  contained  in 
the  ft  correction,  and  the  remainder  in  ihe  e^  correc- 
tion. 

A2.I.2  Heat  of  Formation  of  Sulfuric  Acid — \ 
correction  of  14  kcal  is  applied  for  each  gram  of 
sulfur  m  the  sample.  This  is  based  upon  the  heal  of 
formation  of  0.17  .V  lljSO,.  which  is  -72 
kcal/mole.  Uut.  a  correction  equal  to  2  x  13.8 
kcal/mole  of  sulfur  was  applied  for  H^SO,  in  the  f , 
correction.   Thus,   ihc   additional   correction   neces- 


sary is  72  -  (2  X  13.8)  =  44.4  kcal/mole  or  1.4 
kcal/g  of  sulfur. 

The  value  of  1.4  kcal/g  of  sulfur  is  based  on  a 
fuel  oil  containing  a  relatively  large  amount  of 
sulfur  since  as  the  percentage  of  sulfur  decreases,  the 
correriion  rl.-rr.-isns  jpd  c^r'seq'jcr.'.'.y  a  larger  c.".'or 
can  be  tolerated.  For  this  calculation  0.8  percent  S. 
99  2  percent  CM,  was  taken  as  the  empirical  com- 
position of  fuel  oil.  If  a  0.6-g  sample  of  such  a  fuel 
oil  is  burned  in  a  bomb  containing  1  ml  of  water, 
the  H5SO,  formed  will  be  approximately  0.17  .V. 
Using  data  from  National  Bureau  of  Standards 
Circular  .No.  f<G<>.  the  heal  of  reaction  SO,  (g)  +  ': 
0,(e)  -^  651  H,0(1)  =  H,SO,  650  H:0(  Mai  con- 
Slant  volume  and  30  aim  is  -  72  kg-cal/mole. 

.A2.I.3  Heat  of  ComhiLUion  of  Fuse  Wire — 
When  using  platinum  wire  no  correction  need  be  ap- 
plied for  ihe  heal  of  combustion  of  the  wire.  The 
eleclncal  energy  required  can  be  neglected  if  the 
same  length  of  wire  is  used  in  both  the  energy  equiv- 
alent and  unknown  experiments. 

A2. 1 .4  Ileal  uf  Comhuuion  of  Presiure-Sensitive 
Tape — The  correction  for  the  heat  of  combustion 
of  Ihe  lape  (as  determined  in  accordance  with  7.2) 
assumes  complete  combustion  of  the  lape. 


A3.  EXPERIMENTAL  DATA 

.\3  I    Results  of  tests  made  by  the  high-precision  calorinclry  method  arc  given  in  Table  Al. 
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Iirposcs  >Aiih  an  ammeter 
;t  10  inditalv"  when  currcni 
;ransformcr  connected  to  a 
jlcircuit  or  storage  battery 

iiie  ignition  circuit  switch 
3r>  contact  t>pc.  normall) 
j.cd  b>  the  operator. 


Ihave  been  found  satisfactory 

■  Sonhrup  No.  2284 
.Tnd  Northrup  No.  2162. 
.  J  Northrup  No   2100 
:  *:ured  b\  the  Kcitlile^   Inslru- 
i.  Clcveijnd.  Ohio  44106.  or 
:  sensitivity  is  satiNfjclory. 
::  cup  has  been  found  vatisfac- 

Wier  has  been  found  satisfac- 


} 


.   <:   44.4  kcal/mole  or   1.4 

1!  of  sulfur  is  based  on  a 
. ..jtively  lari'e  ;inioiini  of 
'.lage  of  sulfur  decreases,  the 

i>nscquently  a  Lrtier  error 
ralculation  0.8  percent  S. 
en  as  the  empirical  com- 
'j.6-g  sample  of  such  a  fuel 
•  containing  I   ml  of  water. 

J:  approximately   0.17  .V. 
al    Bureau    of  Standard> 
._.  of  reaction  SO-  (>J)  -^   '  -' 
H,SO.  650H^O(l^alcon- 

i-72  kg-cal/niole 
us  I  ion    of   Fuse     li/'ire — 
no  correction  need  be  ap- 
^mbustion  of  the  wire.  The 
.•  i   can   be  neglected   if  the 
■  in  both  the  energy  cquiv- 
Jnents. 

Slion  of  Prfssurc-Sensiliw 
r  the  heat  of  con;hustion 
J  in  accord. ince  with  7.2) 
■:on  of  the  tape. 
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Designation:  D  2384  -  T 
ineapproved  19V3> 

Standard  Methods  c 
TRACES  OF  VC 
BUTENE   MIXTL 

ihc  ^eJf  >J'  original  ao.  pi 
soarofla-l»earP'«>'»' 

1.  Scope 

,  1  These  methods  cover  the  de 

Cr:^r  The  ampe... 

substances  that   comb.nc  -  h   . 

ox,clue  chlor.de  .on   .n  d^utc  a 

i,        ^>c   .iiiindcs.  ammonia,  tor 

^^r     rethan^V.eofhNdroge.. 

and  more  than  .:>  v-.         ■ 

ihc  test  soluuon  .nterfcrc  .n  th- 

lomeinc  procedure  ,  ,^  -^e 

1  2  Dissolved  sod.um  chlonde 

uut.veh  determined  using  these 

2.  Summao  of  Methods 

-)  ,  Combxisxion  MeihoJs-E 
oroxy-hydrogen  method  ma> 
combustion. 

ii.nt.-  icsi.ne.   Although   a. 

--"'HrriiH-^^ 

S^s^5o«t;:s-b. 

,  n    Lamp  Combusnon-- 

•  bu'rned  .n  an  -^^^'^'^'''jl 
and  oxvccn  or  .n  punf.cd  ai 
conta.n'.^g  combust.on  produ. 
in  d.»ute  sod.um  carbonate  sol 

;  2  1^   OxvUydroge'^      tj- 

'       sample  is  burned  in  an  oxy-hN 

'       buTner.  and  the  combust.on 
sorbed   .n   a  d.lute   solution 

bonate.  . 

2^  Finishes -^^^^^^  ^^^ 

uatil^n  or  spcctrophotomct. 

used  for  the  chlonde  .on  det. 

■>  T  I    Ampcronieinc    Titr 

nd'eTon  .n  aqueous  solution 

ometr.cally  -th  standard^ 

»,on.  us.ng  a  satur.tted  ca 

reference  electrode  The  d.. 

plotted  aga.n>t  the  corrcs^ 
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Calculating  heating  values  from  elemental  compositions  of  fossil  fuels 
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U.S.  D-ipartmgnt  of  Energy,  Laramie  Energy  Research  Center,  P.O.  Box  3395,  University  Station, 
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(Received  5  May  J 978) 


Heating  value  and  elemental  composition  of  fossil  fuels  are 
important  parameters  forjudging  the  quality  of  the  t'uel 
substances.  Often  in  an  analytical  laboratory,  both  the 
heating  value  and  the  elemental  composition  are  measured 
for  the  same  sample.  Newer  instrumentation  (gas-chroma- 
tographic  elemental  analysers.  X-ray  tluorescence.  induction 
furnace)  has  made  elemental  analyses  quick,  routine  and 
precise.   For  e.xample,  C,  H.  and  N  can  be  detennined  in 
less  than  I  5  min  using  such  instrumentation.   Ileating-value 
measurements  take  up  to  30  min  per  sample  and  require 
lengthy  set-up  and  calculation  procedures.  Theretbre,  a 
formula  which  accurately  calculates  heating  va'ues  based 
upon  elemental  compoMtion  could  be  valuable  to  the  work 
of  the  jnal>  tic.il  chemist.  The  purpose  of  this  communica- 
tion is  to  shovv.  that  such  a  formula  does  exist  and  that  it  is 
applicable  to  a  wide  variety  of  foss.l  fuel  substances. 

The  formula  to  which  we  refer,  developed  by  lloie'. 
has  the  torin: 

//^(cal/g)  =  .H4Ul)C  ^  11  loSH  <■  I  ^OO.V  +  :5()().V 

-  2h50O  (I) 

where  fl^  is  the  gross  heating  value  and  C,  If,  .V.  S.  and  O 
are  the  nomiali/ed  weight  fractions  of  these  elements  in 
the  sample.   Multiplication  by  the  t"av.tor  l.Sioriverts  the 
results  to  units  of  Btu/'Ib  iiid  by  4.IS7  to  J/g. 


We  have  applied  the  Boie  equation  to  a  large  number  of 
t'ossil  fuel  substances.  The  results  of  these  calculations  are 
compared  with  detennined  values  in  Tabic  I.    To  complete 
the  evaluation,  we  also  calculated  heating  values  using  the 
well-known  Dulong  equation; 

/A,(Btulb)=  l4  544C  +  b:o:S(f/    6>',S)  +  40505        C) 

The  Dulong  et|uation  assumes  that  all  the  o\\gen  is  asso- 
ciated with  hydrogen  to  fomi  water,  with  the  excess  hydro- 
gen available  for  combustion". 

The  average  percent  ditferences  in  Tuhle  I  were  obtaineil 
by  taking  the  dilTerence  between  the  calculated  and  mea- 
sured values,  dividing  this  b>  the  measured  value,  nuiltipK- 
ing  this  number  by  100  to  obtain  a  percent  difference,  and 


Table  1    Cornu.inson  of  measured  jiu]  calculated  heating  values 


Average 

(Jiflerence  (%) 

Type  of 

No  of 

sample 

samples 

Boi«  «q. 

Dulong  eq. 

Liquui  fuel  oils 

200 

1  58 

561 

WyoiTiiMij  cools* 

54 

1  86 

1  41 

Forenjn  shale  oils ' 

28 

0  94 

3  57 

Crufle  Oil  residuums* 

18 

0  33 

(C.  H  only 

4  54 

1 
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j'-cric:';.:  i:;:  ;v::ciit  .iinoro:;^.  js  .^vcr  the  iu::i;bcr  oi  %urn- 
pi..->  i;!  the  ^J^    ri-.e  inoasured  vjluos  are  thobe  obtained 
I'l  iln-AiP.ij  [HJbv;r;b<.'J  bitmb-oalijnitietric  procedures  . 

riie  liquid  tuel  oils  in  Tabic  I  ucre  mostly  shale  oiJs 
(>btained  t'rom  various  above-ground,  in  situ,  and  experi- 
iix'iital  laborat.jr>  retoriini:  processes.   A  small  number  ol 
tar  sand  bitumen  and  coal  tar  samples  are  also  included  in 
triib  set.  Tiie  foreign  shale  oils  \\ere  derived  tVoni  a  set  ot 
oil  shales  representing  a  spectrum  ot"  geologic  age.  environ- 
ment, source  material,  and  elemental  composition.  These 
oil  bliales  iiad  been  previouily  analysed.  che:iucall\  and 
peirovirapliicalls''    The  coal  s;ur!ples.  taken  from  active 


mines  in  tour  ottiie  ten  maiur  c  Ml-b.-anr.g  areas  o!  V^v  .<:::• 
ing,  repreicnt  32  difterent  c<u!s  ranging  in  ^ge  trom  I.  prt:r 
Cretaceous  to  Eocene.  These,  too.  have  been  previousK 


analvseu 


Tiie  crude  oil  rebiduuir.s  included  one  trom 


Kentucky,  two  t'rom  California,  and  three  Midcontineiu 
crude  oils.  Each  o\  these  was  further  partilioned  iiuo  a 
cracking  stock  and  a  nomial  and  flashed  reslduum^ 

The  results  in  Tuhle  I  clearly  show  th.at  overall  ihe 
Bote  equation  is  far  superior  to  the  DuLmg  equation  ! or 
calculating  heating  values  tVom  elemental  compusi'.ior>.. 
Onl\  in  the  case  of  coalb  does  the  Duiong  equation  pruvide 
better  rebults.  and  then,  not  signitlcantly  better.  In  ce-er... 


Tibi'i  2    Data  for  heating-value  caicu  j: 


3ns  jsing  Boie  iGuation  for  foreign  shale  oils'* 


(wt  %) 


3tu  iO 


Sairo.i 


Australia 
1 

2 

-> 

4 
5 
6 
7 

Brazil 

3 

9 
10 
1 1 
12 

Frjncf 

13 

14 

15 

16 

17 

13 


84  64 
84.4^ 

85  1, 
85.5o 
85  3., 
84  3- 
855^ 


83.3: 
84  2s 
856„ 
85.1 5 
35.0, 


84.3s 
85.0.: 
84.56 
8524 
83.74 
85.16 


11. 5o 
M.9, 

11  34 

12.0-. 

12  0o 
12.O4 
10  5- 


11.73 
12.O5 
11.53 
120: 
12.44 


11.36 
11.43 
11. 2g 
1  1.5s 
1054 
11.26 


0.55 

057 

0.56 

0.52 

054 

0.43 

0.72 

0,97 

1.10 

084 
-.12 
1.18 
1.00 
0.66 
0.59 


0.30 

043 

0  42 

C39 

0.44 

0.48 

0.62 

0.24 

0.25 

0.60 

0.43 

0.38 

0.31 

0.32 

0.35 

021 

2.76 

0.46 

30o 
2.6.. 
2.O0 
15, 
1.63 
2.63 
253 


3.79 
2.3. 
2.2, 
2  4,, 
2  I0 


2.6, 
2.06 
263 
1.67 
2.3o 
2.53 


Meas 


13  300 
19000 
1 S  980 
19  080 

18  950 

19  020 
IS  200 


13  360 
13  900 
13610 

18  830 

19  030 


18670 
18  530 
18540 
18920 
18260 
18  580 


Ca 


13420 
18  660 
IS  740 
18900 
13370 
18630 
18  150 


18320 
18  700 
18  640 
18  790 
19000 


18  420 
18520 
18  350 
18  780 
17  950 
18420 


C-'-    l-.-i 


197 
1  7G 
1  26 
0.94 
0.42 
1  79 
0.27 


2.86 
1.06 
0.16 
020 

0  15 


1  34 
0.32 
1.02 
0.74 
1  64 
0.86 


Mjiichuna 
19 


81. 2j 


11.9, 


0.84 


0  19 


5.3. 


18  240 


17  990 


1  37 


Nhm  Zfa/and 
20 


33.3, 


11. 3r 


060 


064 


3.6, 


18  640 


18370 


1.45 


S'M'iden 

21 

22 


34.9^ 
35.87 


9  0o 
976 


0  71 
0  72 


1.72 
1.32 


36, 
233 


17  460 
17  980 


17  270 
17  330 


1.09 
083 


Thailand 
23 


84  4. 


12  4,, 


1.10 


0.41 


1  62 


18  920 


18  950 


0  16 


South  Africa 

24 

25 

rc 

27 
28 


349s 
3484 
84.9o 
85.I3 
84  9, 


10.8. 
Ill", 


111, 
11.46 

n.5s 


067 
0  64 
0  63 
0.59 
0.53 


3  53 
3  3., 
327 
28. 
29j 


17  980 
13  150 

18  190 
18370 
18  540 


18  120 
18  260 
18  280 
18  490 
18510 


0  78 
061 
049 
065 
0.16 


T.,hl^  3  Comuovi.on.i  d..rj  ar,d  c.i.cula.e.J  h^jt.ny  values  lor  the  oryan.c  matter  m  Green  R.ver  a.>d  New  Albany  Forn.at.on  o.l  shales 


(wt 

%l 

- 

Calculated  heutinq  value 
(Btu/lbl 

Sample 

C 

H 

N 

S 

0 

Complete  eq. 

C.  H  termt 

Green  River  Formation" 
New  Albany  Formation' 

80  5 
820 

10  3 
7  4 

2  4 
23 

1  0 
20 

58 
63 

17  150 
16  100 

17  320 
15  950 
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N.  •5.  ^, ■.;'/.:..;■..•,::;. I  Mil. ill  pui  Uuii  ■;!  lin;  i-.'Ui  >.ii;.ii.]v: 
c  ;!rr.:;;[  oi'  :'uji  oil.  Otton.  the  contributions  I'roin  tho  N 
ar"_i  S  co:-tor.ts.  uoupled  througii  their  coettlcieius  in  the 
BiJie  equjiii'i'..  are  cjneelled  by  the  O  contribution.  Thus, 
the  bulk  of  the  heating  value  is  due  over'.vheliniiiuly  to  the 
C  and  H  con'rilnuions.  The  calculated  heating  values  for 
the  crude  oil  residuunis  in  Table  I  .vere  obtained  in  this 
manner.  Tiiat  is.  only  the  C.  H  tenns  o\  the  Bi;ie  equation 
were  used.  Cot:iple:e  elemental  analyses  ".vere  not  reported 
tor  these  residuums.   It  is  indeed  rjr;iarkable  that  tliose 
f.vi)  [erms  provide  such  a  close  approximation  to  the  ^ross 
heating  value  of  a  crude  oil  substance. 

In  Tuhlc  2  ue  present  the  raw  data  and  calculated  I'leat- 
inv!  '.alues  for  th.e  t'oreiun  shale  oils.  These  data  illustrate 
tvpical  results  obtained  using  the  Boie  equation. 

.Measured  heating  values  of  raw  oil  shales  are  question- 
abie  because  of  intert'erer.ces  caused  by  minerals  which  add 
to  or  subtract  I'roin  the  true  value.  Even  a  "rich"  oil  shale 
yielding  30-35  U.S.  ^al  ton  (  i  25  -  I4r)  1. 1)  would  contain 
about  'i^l.  mineral  matter.   IIowe\er.  valid  estimates  o\ 
the  heating  values  of  the  organic  matter  in  raw  shales  can 
still  be  made  using  the  Boie  equation  and  by  detemiining 
tiie  composition  o\  the  organic  matter  in  the  formation. 
Tins  is  done  b>  preparing  organic  concentrates  of  raw  shales 
and  determining  the  elemental  composition  o\  the  concen- 
trated ntaterial.  Smith  and  Young  have  done  this  lor  the 
New  Albany  oil  shales  of  Kentucky.  Smith"*  has  also  deter- 
mined the  ultimate  composition  of  the  organic  matter  in 
Green  Rjver  Formation  oil  shale.  These  data  are  shown  in 
Table  J  along  with  heating  values  calculated  from  the  com- 
plete Boie  equation  and  heating  values  calculated  with  only 
the  C.  H  tern'.s.  The  data  show  that  contributions  to  the 
heating  value  t'roin  N.  S.  and  0  combine  to  yield  less  than 
V'-  yf  the  total,  and  usually  can  be  neglected.  Theretore. 
good  estimates  o(  the  heating  values  ^li  law  shales  can  be 
obtained  using  only  the  C.  H  temts.   However,  tiie  analysis 
of  carbon  is  the  only  om  which  is  directly  relatable  to  the 
organic  material.   Hvdroiien  deterniiiations  in  oil  shales 


!.  .,L.i.i •-•■•. ^a:.i>.  a >  -v .•■i.u  ,,11,1^..    1-.  ..    .. .1 1 .  ...\.i4 .  ..  - 

the  organic  carbon  values  of  raw  ihaljs  and  "he  c:i:ip'  •;- 
{;onal  ilata  t"rom  Table  3.  estii'iates  'A  the  heating  values 
of  Green  River  and  New  Albany  Forniation  oil  -hales  can 
be  obtained. 

The  accuracy  of  heating-value  estunaies  t'roni  the  Boie 
equation  is  dependent  upon  the  accuracy  of  the  anaK  tical 
determinations  of  the  elemental  compositions.  H'lwe*.  er. 
with  modern  analytical  instrumentation,  such  determina- 
tions are  routinely  good.  Tlius.  in  many  instances  a  heat:i:g 
Value  calculated  from  the  elemental  composition  will  sufrlce 
:^nd.  Jt  the  same  time,  save  costly  time  and  eiTort  on  the 
part  oi  the  anaKst. 
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APPENDIX  III 

METHOD  OF  CALCULATING  CALORIFIC 
VALUE  AND  SPECIFIC  GRAVITY  OF  GASEOUS  FUELS 


Reprinted,  with  permission,  from  the  Annual  Book  of  ASTM  Standards.   Parts 
No.  23,  24 ,  25,  26.   Copyright,  American  Society  for  Testing  and  Materials, 
1916  Race  Street,  Philadelphia,  PA  19103. 
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Silico-qel-moleculor  sieve 
column  with  60cc/min  of 
orgon  corner  gas 


-H2»G2'N2*CH4*C0 

'C2H6+C2H4 

-CO2 

-C3Hg 
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on  30/60  mesh  chromosorb  column  with 
60  cc/min  helium  corner  gos 


.---CH4 
C2H6 
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with  60cc/min  of 
helium  corricf  gn 


C2H4+C02 


56       144    217 


93  141   196        515     409    497    577  753      47~77      170     270 

112  159  235  64 

RETENTION  TIME,  seconds 


444 


-H2+O2+N2*CH4+C0 
-CgHg  ♦C2H4  +  C02 
-C3HQ 

'C3H6 


■^4^10 


20%   tributyl  phosphate 
on  30/60  mesh  chromosorb 
column  with  60cc/min  of 
helium  corner  got 


Trons-C4Hg-2 

Cis-C4Hg-2 
i-C5H|2 


n-C5H|2 


I  I  I  1  J — I -J- 


J I L_ 


N2 


'CH4 


Silico-gel-rrwleculor  sieve 
column  with  60cc/min  of 
helium  earner  gos 


CO 


848  95       203     293 

RETENTION  TIME,  seconds 


69  137  227        349    427    481    648 
86  153    311 


8T4 


Figure  III-l.  -  Chroma tograms  for  Analyzing  Hydrocarbon  Gases.— ^ 
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—        Barker,    Lawrence  K.,    1974,    Hydrogasif icatlon  of    In   Situ   Shale  Oil 
M.    S.    Thesis,    Univ.    Wyo.,    Laranie,    Wyo. ,    p.    57.    (May). 
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Standard  Method  of 

CALCULATING  CALORIFIC  VALUE  AND  SPECIFIC 

GRAVITY  OF  GASEOUS  FUELS^ 

Thi>-  Sundard  i\  issued  under  the  fixed  dL-suTininn  n  i<;t;u    ti,.  u 

,hc  >c.r  of  original  .dop,i„n  or.  in  .he  cat^rr  ■   "..  '  the  vcar  ^f  U^rc"  :rtr -J"''"*'"^  "f  '^^^•,'^^Uon  indices 

of  l.isi  reapproval.  •         °'  '''^'  revision   A  number  in  parenlhcscs  indicaics  ihc  >ear 


I .   Scope 

1.1  This  meiliod  describes  ihe  calculaiion 
of  calorific  value  and  specific  gravity  of  gas- 
eous fuel  from  its  composition,  h  is  applicable 
lo  all  common  types  of  utility  gaseous  fuels 
for  example  dry  natural  gas.  reformed  gases, 
oil  gas  (both  high-  and  low-Btu),  propane-air.' 
carbureted  water  gas.  and  coke  oven  and  re- 
tort coal  gas)  for  which  suitable  methods  of 
inalysis  as  described  in  Section  5  are  availa- 
ble. 

I.   Applicable  Documenis 

2.1    ASTM  Standards: 
D1137  Analysis  of  Natural  Gas  and  Re- 
lated Types  of  Gaseous  Mixtures  by  the 
Mass  Spectrometer- 
D1717   Analysis   of  Commercial    Butane- 
Butcne  Mixtures  by  Gas  Chromatogra- 
phy* 
D  1S26  Test  for  Calorific  Value  of  Gases  in 
Natural  Gas  Range  by  Continuous  Re- 
cording Calorimeter- 
0  1945   Analysis   of  Natural   Gas   by   Gas 

Chromaiography- 
O  1946  Analysis  of  Reformed  Gas  by  Gas 

Chromatography- 
D:163    Analysis   of   Liquefied    Petroleum 
(LP)  Gases  and  Propylene  Concentrates 
b\  Gas  Chromatography- 
0  2(00  Test  for  Chemical  Composition  of 

Gases  by  Mass  Spectrometry^ 
2.2    Ollwr  Standards: 

ANSI  Zl  32. 1-1969.  Base  Conditions  of 
Pressure  and  Temperature  for  the  Volu- 
metric Measurement  of  Natural  Gas^ 

3.   Suiiiniary  of  Method 
3.1    The  ideal  gas  calorific  value  and  ideal 


gas  specific  gravity  are  calculated  from  the 
molar  composition  and  the  respective  ideal 
gas  values  for  the  components;  these  values 
are  then  corrected  lo  the  real  gas  basis  by 
means  of  a  calculated  compressibility   factor'. 

4.    Definitions 

4.1  British  thermal  unit -the  defined  In- 
ternational Tables  British  thermal  unit  (svm- 
.bol  Btu). 

Note    1  -The  defining  relationships  arc: 

^"^/J.^'VJ^"  =  2.326  Jg-'  (exact) 
{b)  1  lb  =  453.592  37  g  (exact) 

By  ihese  relationships.  1  Btu  =  1  055.055  cS52  62  J 
(exact).  For  mosi  purposes  the  value  rounded "lo 
Btu  =   1  055.056  J  IS  adequate. 

4.2  compressibility  factor  (c^-the  ratio  of 
the  actual  volume  of  a  given  quantity  of  gas  at 
a  specified  temperature  and  pressure  to  its 
volume  calculated  from  the  ideal  gas  law  al 
the  same  conditions. 

4.3  total  calorific  value  or  gross  calorific 
value  (gross  heaimg  value)  of  a  ^a.v  -the  num- 
ber of  British  thermal  units  evolved  by  the 
complete  combustion,  at  constant  pressure,  of 
one  standard  cubic  foot  of  gas  with  air.  the 
temperature  of  the  gas.  air.  and  products  of 
combustion  being  60°F  (15.6°C)  and  all  the 
water  formed  by  the  combustion  reaction 
being  condensed  to  the  liquid  state. 


m,„Jr\\T     t^  "  ""'*r  '^'"  )"f'*J'C""n  of  ASTM  Com- 

y  of  Subcommn.ce  DO?  0.1  on  De.erm.nal.on  of  Calor- 
ific Value  of  Gaseous  Fuels 

usm"?"'  "^"'""  ^^'^'"^"^  '"'"=  -■'•  "77    Published  Au- 
■.■\nn„al  Hook  nf  ASTM  Standards    Pari  > 
Annual  H„ok  of  AST  M  Standards     Pari   ^4 

.utc'Vu'"!'.;' h'  '"r  "''/^"'f"""  N.-".onal  S.andards  Inst,- 
lulc.  143(1  Hfo.id»a\.  \c»  ^ork.  N  N     IdOIR 
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4.4  net  calorific  value  of  a  gas  —  (he  number 
of  British  thermal  units  evolved  b\  the  com- 
plete combustion,  at  constant  pressure,  of  1 
standard  cubic  foot  of  gas  with  air  the  temper- 
ature of  the  gas,  air,  and  products  of  combus- 
tion bemg  60°F  (13.6''C)  and  all  of  the  water 
formed  by  the  combustion  reaction  remaming 
in  the  vapor  state. 

4.5  specific  gravity  -ratio  of  the  density  of 
the  gaseous  fuel,  under  specific  conditions  of 
temperature  and  pressure,  to  the  density  of 
dry  air.  of  normal  carbon  dioxide  content,  at 
the  same  temperature  and  pressure. 

4.6  standard  cubic  fool  of  gas  -  the  amount 
of  gas  that  occupies  I  ft'  (0.028  m')  at  a 
temperature  of  60''F  (15.6°C)  under  a  pres- 
sure of  14.73  psia  (101  kPa)  and  saturated 
with  water  vapor. 

5.  Methods  of  Analyses 

5.1  Delermme  the  molar  composition  of 
the  gas  in  accordance  with  any  ASTM  method 
that  yields  the  complete  composition,  exclu- 
sive of  moisture,  but  including  all  other  com- 
ponents present  in  amounts  of  0. 1  %  or  more, 
in  terms  of  components  or  groups  of  compo- 
nents listed  in  Table  1 ,  and  also  so  that  at  least 
98  %  of  the  sample  is  reported  as  individual 
components  (that  is,  not  more  than  a  total  of 
2  %  reported  as  groups  of  components  such 
as  butanes,  pentanes.  hcxanes,  butenes,  etc.). 
Any  group  used  shall  be  one  of  those  listed  in 
Table  I  for  which  average  values  are  given. 

6.  Calculjlion 

6.1  Calculate  the  ideal  gas  calorific  value, 
//,  and  ideal  gas  specific  gravity,  G,  as  fol- 
lows: 

H  =  x,H,  -t-  x,H.  ^-    .  .  .   t,//, 

G  =  x,G,  +  <,C,  ^  x^C,  +•      .      r,C, 

where: 

x,,x.,  .  r,  =  mole  fractions  ol  the  compo- 
nent. ,ind 

//,,  //...  .  .  //„  and  G,,  G,,  .  .  .  G„  =  ideal 
gas  groNs  ciiK)ritic  values  and  ideal  gas  spe- 
cific gravities,  respectively,  of  the  compo- 
nents .IS  given  in  T.ible  1  (dry  basis). 

Include  .my  heptane  and  heavier  paraffln^  ,iiul 

hexencN  with  hex.mes. 

6.2  Calcul.ite  the  compressibilit\  l.ictor.c, 
at  hin-  (I5  7>'C)  and  14  73  psi,i  (  lUl  kPa)  as 


follows: 

r  =  1  -  (x.fc,"*  +  .r..ft.»»  +    .  .  .  x„b„'"')' 

+  (2.t„  -  x,r)  (0.0005) 

where: 

6,"*,  b'"^,  .  .  .  fe„"*  =  summation  factors  for 
the  respective  components  other  than  hy- 
drogen, as  given  in  Table  1,  and 

Xi,  =  the  mole  fraction  of  hydrogen. 

Include  any   hepatane  and   heavier  paraffins 

and  he.xenes  with  hexanes. 

Note  2— The  summaiion  factors  b,"^  are  ob- 
tained trom  the  compressibility  factors  of  the  nor- 
mally gaseous  components  according- to  the  relation 
b  =  I  -  z,  except  for  the  components  hydrogen, 
helium,  and  carbon  dioxide.  Pseudo  values  of  the 
factor  are  furnished  for  helium  and  carbon  dioxide. 
These  may  be  used  for  carbon  dioxide  contents  up 
to  about  30  %  and  for  helium  contents  up  to  about 
1  ""^  with  no  loss  of  accuracy.  Factors  for  normally 
liquid  components  v^ere  obtained  from  compressi- 
bility factors  estimated  for  the  hypothetical  gas  or 
from  gas  mixture  data 

6.3  Calculate  real  gas  calorific  value  H^, 
and  real  gas  specific  gravity ,  C^,  as  follows: 

Hr  (saturated)  =  0.9826  ///;  //,  (drv)  =  HI: 
Gr  =  0.99959  Giz 

Note  3— An  example  of  the  calculation  is  given 
in  Table  2. 

Note  4— The  vapor  pressure  of  water  at  6()°F  is 
0.2561  psia.  The  ratio  of  the  volume  of  dry  gas  to 
the  volume  of  the  same  quantitv  of  saturated  aas 
thus  IS  (14.73  -  ().2561)/14.73  =  0.9H2h.  The 
factor  0.99959  in  the  calculation  of  specific  gravity 
IS  the  compressibilitv  of  drv  air  at  14  73  psia  (101 
kPa)  and  fiO'F  (IS.b-C). 

NorE  5— To  convert  calorific  values  to  a  cubic 
foot  based  on  ftO^F  (15  ()°C)  and  on  standard  at- 
mosphere pressure  (11)1.325  kPa).  dry,  multiply 
Hr.  dry,  by  0  997f>9,  To  convert  calorific  values  to 
MJ/m'  at  the  same  standard  conditions,  multiplv  bv 
0  03759  See  Method  D  IS2ft  for  calculation  to 
other  pressure  and  temperature  h.ises. 

NoiE  h  -  ID  calcul.ite  net  c;ilorilic  value  proceed 
as  in  <i.\.  h  2,  and  (>  3  hut  in  (■>  I  use  the  ide.il  gas 
net  calorific  values  ot  Table  I  in  place  of  the  ideal 
gas  loial  calorific  values. 

7.    Precision 

7.1  C.ilciilate  llie  repeat. ibiliiv .  A//,  as  lol- 
lows: 

in  -  (!(//  -  //,)'  (At,)-|"» 

where  1\,  is  the  applicable  repeatability 
st.iied  for  each  component  in  the  meihoil  ol 
an.ilysis.  The  dilterence  between  real  gas  ca- 
lonlic  values  calcul.ited  Irom  two  dilferent 
an.ilyscs  by  the  s.ime  «)peralor  is  expected  H' 
exceed  this  A//  m  only  5  '"r  ot  a  l.irgc  number 
ot  p.iirs  ol  .in.ilvses 
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«^QT£   7  — An  exiimpic  usinj:  precision  suiicmcnis 

^n,  Meihod  D  1945  is  shown  in  1  ;iblc  3. 

^p^£   8  — Three  sources  ot  error  have  been  con- 
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siJcieil  error  in  c;ilorilic  \;ilues  i>f  Ihe  tompoiienlx: 
error  in  the  c:ilculutci.l  tonipressibilii)  (actor,  and 
erior  in  the  coniposition  The  unceriainlv  (tvnee  the 
standard  deviation)  ol  Ihe  ideal  ^as  calonrie  values 
of  components  is  estimated  to  be  UWS  '',  .  Such 
errors  affect  the  bias  and  thus  the  agreement  be- 
tween calculated  and  determined  calorific  values, 
but  does  not  affect  the  precision.  Error  in  the  calcu- 
lated compressibilitv  factor- will  var\  with  composi- 
tion of  Ihe  i;as,  but  for  natural  pas  is  estimated  to  be 
less  than  (I  03  '^t,  and  commonly  is  nejilipihle  com- 
pared to  the  error  from  the  unccrtaintv  in  composi- 
tion. 


TABLt    1      I'ropiTlies  of  Fuel  Gas  Comp<inenls 


— 

Ideal  Ciiis  Spe- 
cific Cir;ivii\* 

Ideal  (ja>.   lolal 

Ideal  Gas  Net 

Comprcssihiliiy 

Calorific  Xalue." 
Biu/ff 

Calorific  \'alue.* 
Uiu/ft' 

Summation  Fac- 
tor 

mjrocarbon: 

Methane 

(1.5539 

1012(1 

911.2 

0.0436 

Ethane 

1  (t3K2 

1772  9 

1621.6 

0.0917 

Propane 

1.5224 

2523  (I 

2321.4 

0  1342 

Isobuiane 

2  (1067 

3260  1 

3008.0 

0.1744 

„. Butane 

2  0067 

3269.6 

3017.5 

0.1825 

Buuncs.  avg 

2  (Mif>7 

3265 

3013 

0.178 

Isopcnianc 

2  -4910 

4(1(19  4 

3706.4 

0.2276 

,,.1'eniane 

2  4910 

401 8.5 

37160 

0.2377 

Penianes.  avg 

2  4910 

4014 

3711 

0.233 

Hexanes.  avg 

2.9753 

4758 

4405 

0.283 

Eihvlene 

0.9^i«6 

1602.9 

1502.0 

0.0775 

Propene 

1.4528 

2339  0 

2187.8 

0.1269 

l-Buicne 

1  9371 

3087.3 

2885.6 

0.1749 

cts-r-Bulene 

1  9371 

3079.7 

2878.0 

0.1863 

,ron5-2-Bulenc 

1.9371 

3073  4 

2871.7 

0.1860 

2-Methylpropcne 

1  9371 

3068  0 

2866.3 

0.1769 

Buienes.  avg 

1.9371 

3077 

2875 

0.181 

I-Pentene 

2  4214 

3835  3 

3583.1 

0230 

fu-2-Pentene 

2.4214 

3828.2 

3576  1 

0  230 

(fans- 2-Peniene 

2.4214 

3823.4 

3571.3 

0230 

;-Melhyl-l-buiene 

2.4214 

3819  2 

3567.1 

0  230 

3-Meihyl-l-buicne 

2  4214 

3827  5 

3575  3 

0.230 

2.Meihyl-:-bulene 

2.4214 

3812  3 

3560.2 

0.230 

Penienes,  avg 

24214 

3824 

3572 

0.230 

Acetylene 

0.8990 

1476.2 

1425.7 

0.0833 

1;3-Butadiene 

1  8675 

2887  7 

2736.4 

0  158 

1  ;3-Cyclopeniadiene 

2  2822 

3362  0 

3210  0 

0  224 

Benzene 

2  6969 

37506 

3599.3 

0  266 

Toluene 

3.1812 

4485.2 

4283.5 

0311 

CpAromatics,  avg 

3.6654 

5224 

4972 

0.36 

Nontiydrocarbons: 

Air 

1 .0000 

0  0202 

Carbon  dioxide 

1.5194 

0  0*40 

Carbon  monoxide 

0  9671 

321.3 

321.3 

00217 

Helium 

0.1382 

0017 

Hydrogen 

0  0696 

324  9 

2745 

H>droEen  sulfide 

1.1765 

6386 

588.2 

0  0985 

Nitrogen 

0  9672 

0  0164 

■*  Ratio  of  molecular  weiphi  ( 1971  )  of  component  lo  Ih  il  of  air  (28  9644) 

'  Combustion  at  6()°F  (15  6X).  volume  ol  a  pound  mole  of  ideal  gas  at  14  73  psia  (101  kPa)  -  378  601  ft»(10  798  m') 
on  the  dry  basis 

'  Source  of  data  is  the  "Selected  Values  of  Properties  of  Mydrocarbons  and  Related  Compounds"  from  Ihe  American 
Petroleum  Insiituie  Research  Project  44   Additional  details  are  available  from  ASTM  Research  Report  No  D03-1(H)0 
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TABLE   2     Sample  Calculation 


Ideal  Gas 

Specific 

Gravity.  C, 


Ideal  Gas 
Total  Ca- 
lorific 
Value.  H. 


Compressi- 
bility Sum- 
mation 
Factor,  vft, 


Composi- 
tion .Mole 
Fraction,  x. 


Specilic 

Gravity 

Fraction. 

x,G, 


Calorific       Compressi- 
Value  Frac-     biliiy  Frac- 
tion. x,W,        tion.x,v<>i 


Helium 

Nitrogen 

Carbon  dioxide 

Methane 

Ethane 

Propane 

Isobutane 

n-Butane 

Isopcniane 

n-Pentane 

Hexanes 


0.1382 
0.9fi72 
1  5194 
0.5539 
1.0382 
1.5224 
2.0067 
2.0067 
2.4910 
2.4910 
2.9753 


1012.0 
1772  9 
2523.0 
3260  1 
3269  6 
4009.4 
4018.5 
4758 


-0  017 
0  0164 
0.0640 
00436 
0  0917 
0.1342 
0.1744 
0.1825 
0.2276 
0.2377 
0.283 


00003 
0.0032 
0.0202 
0.8302 
0.0745 
0.0439 
0.0083 
0.0108 
0.0031 
0.0025 
0  0030 
1 .0000 


0  OOOO 
0.0031 
0.0307 
0  4598 
0  0773 
0.0668 
0  0166 
0.0217 
0.0077 
00062 
0  0089 
0.6988 


841)  2 

132.1 

110  8 

27.1 

35.3 

12.4 

"  10.0 

14.3 

1182.2 


0.0000 
0.000 1 
0.0013 
0.0362 
0.0068 
0.0059 
0.0014 
0.0020 
0.0007 
0.0006 
0.0008 
0  0558 


z  =  {1  x.^Ky  +  (2jr„  -  x„=)  (0.0005) 

=  I  -  0.0031 

=  0.9969 
SpeciFic  gravity  of  mixture  =  0.6988  x  0.99959/0.9969  =  0.7007. 
Total  calorificvalue  =  1182.2  x  0.9826/0.9969  =  1165  2  Blu/siandard  ft' 

TABLE   3     Sample  Collection  of  Precision 


Ideal  Gas 
Total  Ca- 
lorific 
Value.  H, 

Composi- 
tion Mole 
Fraction,  x, 

H  -  H. 

Repeata 

bility 

Reproducibility 

^x* 

Ajc," 

H.)Xx.\ 

Helium 

00 

0.0003 

1182.2 

0.0003 

0.126 

0.0006 

0.503 

Nitrogen 
Carbon  dioxide 

00 

0.0032 

1182.2 

0.0005 

0  349 

0  0010 

1.398 

0.0 

0  0202 

1182  2 

0  0005 

0  349 

0.0010 

1.398 

Methane 

1012  0 

0  H302 

170  2 

0.003 

0.261 

0.0060 

1.043 

Ethane 

1772.9 

0  0745 

-590.7 

0.0015 

0.785 

0.0020 

1.396 

Propane 
Isobutane 

2523.0 

0.0439 

-1340  8 

0  0005 

0.449 

0.0010 

1.798 

3260  1 

0.00H3 

-2077  9 

0.0003 

0  389 

0.0006 

1.554 

/i-Butane 

32696 

00108 

-2087.2 

0.0005 

1.089 

0.0010 

4.357 

Isopentanc 
n-Pentane 

4009.4 

0.0031 

-2827.2 

0.0003 

0.719 

00006 

2.878 

4018  5 

00025 

-2836.3 

0.0003 

0.724 

0.0006 

2  896 

Hexanes 

4758 

0  1)0  30 

1  OOOI) 

3578.8 

0.00015 

0.537 

5.778 

0.0003 

1.153 

20  374 

'  Method  D    1945 
H  -  1182.2  (See  Table  2) 
Repeatability;  (5  778)«»  -  2  4  Biu/flV 
Reproducibilily:  (20  374)«»  =■  4  5  Utu/flV 

Thr  American  Smielvfor  TeUinv  onj  M.ilrnuls  laket  nt,  pouunn  retpei  (inif  ihf  vuliJilv  of  an\  patent  ri^htf  asserted 
in  cimnei  t„>n  »i(/i  unv  item  mentuineil  in  this  uandard  Users  nf  this  stiinjar,!  are  eipre^sly  advised  that  delerminati.m 
of  the  vahdily  of  any  suih  patent  rights    and  the  risk  of  infrini/rment  ofsuih  nvhts.  is  .nlirelv  their  oh  n  retponsihihiy 

Thi,  standard  i,  ^uhie.t  to  reviuon  at  any  time  hy  the  responsihle  technical  committee  and  muW  he  reviewed  every  ;7>f 
years  and  ,f  not  revised,  either  reappro.ed  nr  ^ithdra^n  Your  comments  are  invited  either  for  revision  of  this  standard  or 
for  additional  standard,  and  should  he  addressed  to  ASTM  llead^uarterv  Your  comments  smII  receive  careful  consideration 
at  a  meeimt  ../  the  responsihle  technical  committee,  which  voa  mav  attend  If  sou  feci  that  sour  comments  have  not  received 
a  (air  hearinJ voa  should  make  your  views  known  to  the  ASTSt  Committee  on  Standard,.  I'>lr,  Race  St  .  Philadelphia,  la 
I'llOi.  which  will  schedule  a  further  hearing;  regarding  your  comment,  Failinff  satisfaction  there.  u>u  may  appeal  to  tne 
ASTM  Hoard  of  Director, 


IS6 


III-7 


